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right 
for every 
“Heat” 


Continuous research and 
development into the problems 
of higher temperatures, 
longer life, greater 

resistance to abrasion 

and improved production 
techniques are part of an 
integrated programme throughout 
the Dyson Organisation. 

Many steelmakers have come 

to depend upon the skill 

with which Dysons provide 

the correct refractories 

for every purpose. 





J. & J. DYSON LIMITED 


STANNINGTON - SHEFFIELD 
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: Auxiliary 
Rolling Mill Equipment 


Below is illustrated the exit end of a Wellman Multi-Strand Continuous 
Pickle Line, for processing low carbon and mild steel hot rolled strip, 
installed at the Works of a large Sheffield manufacturer. The line is at 
present operating with two strands, but will ultimately be arranged 
for four-strand simultaneous processing. 


This is one of the numerous Wellman installations in both the United 
Kingdom and Overseas, designed for the continuous processing of low 
carbon, mild, silicon and stainless steels in a wide variety of gauges and 
widths. 


THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD 
PARNELL HOUSE, WILTON ROAD, LONDON, 5S.W.1 WORKS: DARLASTON, South Staffs, & BELFAST 
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THE BRIGHTSIDE FOUNDRY & ENGINEERING CO. LTD. 
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Schieldrop 


SELF-PROPORTIONING 
OIL BURNERS 


FOR 
CONSTANT 
AIR-OIL RATIO 





By means of a simple lever operation these 
burners ensure an accurate control of air and 
oil ratio giving peak efficiency, outstanding accuracy 
and high product quality. Schieldrop pioneered the 
self-proportioning burner in Great Britain and their unrivalled experience 
in furnace firing is recognised by the leaders in British Industry. 


Write for full details of Schieldrop Burners. 


Schieldrop « ComPANY LIMITED 


STO TF? © CS 6s. £2 eS 


TELEPHONE 414 (4LINES) 
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The Joseph Adamson Waste Heat Boiler is designed to make efficient use of the waste gases leaving open-hearth furnaces, reheating 
furnaces, soaking pits, gas retorts, etc. The straight-through fire tubes have a high ratio of length to bore, giving about 90% tube 
efficiency and providing a large area of heating surface in a comparatively small space. Brickwork setting is not required and air infiltra- 
tion is thus avoided. A feature of Joseph Adamson Waste Heat Boilers is that a special cleaning device can be provided in the outlet 


chamber to allow the tubes to be cleaned while the boiler is at work. 












in association with 


JOSEPH ADAMSON @& CO. LTD. 
P.O. BOX 4+ HYDE+ CHESHIRE 


Adamson Alliance Co. Ltd., Marion House, 71-74 Mark Lane, London, E.C.3 
The Horsehay Company Ltd., Wellington, Shropshire 
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‘“SPEEDIVAG" VACUUM FURNACES 


FOR 
PRODUCTION 


AND 


The twin “‘Speedivac” furnaces 
illustrated above each have a RESEARGH 
capacity of 5 ewt, but we can seen 


design and manufacture much 
larger plant for the metallurgical 
industry. This can be “‘tailor” 
built to individual design and 
includes special furnaces 

with bottom pouring facilities, 
welding and brazing equipment 
and vacuum arc furnaces. 


For research a small } th (steel) 
nent capacity ‘‘Speedivac” 

furnace has a powerful pumping 
system and is really a production 
furnace in miniature. Many 
hundreds of these furnaces are 
already in use, two typical 
processing of pure metals for 
transistors and the brazing of 
industrial diamonds. 


(STEEL) 














WE PRODUCE 


QUALITIES 


Telegrams: 
“‘Lysaght-Scunthorpe’ 


Telephone: 
2271 (7 lines) 


BRITISH 
STEEL 


AT ITS 


BEST 


BASIC OPEN HEARTH STEEL 


CARBONS UP TO 1.0% 

DEEP STAMPING & RIMMING 
SILICON & SILICO-MANGANESE 
FREECUTTING 

LEAD-BEARING 


BLOOMS 5” up to 9” square 
BILLETS 2”, 24", 24", 3”, 34” and 4’ sq. 
SLABS 5” to 16” wide x 2” to 2)” thick 
SHEETBAR 12’ wide x }* to 3” thick 


Other sizes by request 
For further particulars please write to us at: 
LYSAGHT’S SCUNTHORPE WORKS 
Branch of G.K.N. Steel Company Ltd. 
Normanby Park Steel Works, 
SCUNTHORPE, Lincolnshire. 
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Fifteenth century 

carving of a sow and litter 

in Wrexham Parish Church. 
Photograph by Ruth Meyler & F. C. Sillar 


so MILLION PIGS 


In the early days of the industrial revolution manufacturers 
frequently looked for familiar and easily recognisable 
descriptions of their products. To the countryman 
transplanted into industrial surroundings nothing was 
more familiar than a pig; a fact which is emphasised by 
carvings in scores of old churches depicting pigs suckling 
their litter, rooting for acorns and playing the bagpipes. 
(Apparently this last pastime was forsworn by pigs many 
years ago because of unpleasant associations between 


“Pioneers of 


WARNER & CO. LTD., 


GO TO MARKET! 


bagpipes and pigs bladders.) Consequently, when iron 
from Blast Furnaces was directed into long troughs and 
from there into short and narrow troughs placed at right 
angles, a resemblance to sows suckling their appendaged 
litter led to the description of “pig iron’. 

This series of advertisements illustrates some of the 
‘ecclesiastical’ pigs and emphasises the 50,000,000 ‘special’ 
pigs which Warner and Company have supplied to Iron 
Foundries producing High Duty Castings. 


Refined Piglron” 


MIDDLESBROUGH 
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and so 
a sinter plant is built 


TODAY 

The blast furnaces are consuming the full output 
of the sinter machine HH installed as part of the 
expansion programme at the Gartsherrie Works 
of Bairds & Scottish Steel Ltd. 


TOMORROW 

To cater for the future, the plant was designed so that 
a second sinter machine, although located away from 
the first strand, can receive raw materials 

from the same feed system. 

ALWAYS 

HH sinter plants are built to suit individual conditions 


so that every client obtains maximum benefit CONTINUOUS SINTERING PLANTS BY 
from progressive design. Precise control of the mix, 


the special forced draught cooler and a very adaptable Y . 
stockyard arrangement are but three of the many specialities Huntington, Heberlein & Co. Lid 
that make HH plants such = simON HOUSE, 28-29 DOVER STREET, LONDON W.1. 
economical producers of high quality sinter. — Telephone: Hyde Park 8191 Telex : 2-3165 


COMMONWEALTH REPRESENTATIVES : Telegrams: Innovation Wesphone London Telex 
Simon-Carves (Africa) (Pry) Ltd : Johannesburg Simon-Carves (Australia) Pty Ltd : Botany, N.S.W. Simon-Carves Ltd: Calcutta Simon-Carves of Canada Ltd : Toronto 
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BTR CONVEYOR BELTING 


Steel production, from quarry face to finished stock, calls for the best of 
equipment... for conveyors this means BTR-engineered belts. That’s why 
Richard Thomas & Baldwin Ltd installed BTR belting at Ystrad, near Ebbw Vale—to meet 
and beat the challenge of heavy, belt-punishing limestone. 
For your conveyors, whatever the load, there is a BTR belt that’s right for the job! 


BTR Industries Ltd 


BIR 
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80 inch hot strip Mill built 
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Bremen, Germany, by 
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NENFABRIK SACK G.m.b.H. DUSSELDORF-RATH, W. GERMANY 
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r Gr 1 and Ireland D.M.M. (Machinery) Ltd.. Universal House 


60 Buckingham Palace Road, London, $.W.1. Telephone: SLO ane 0701 
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Early planning ensures economic, 
efficient and effective boiler plant 


Right at the outset, when new boiler installations have to be considered, consultation with 
IC boiler engineers helps to resolve the problems of selecting the most suitable plant. 
The importance of early discussions about boiler plant cannot be over emphasized. Selection 
of operating conditions, boiler output, the choice of fuel, method of firing, and the site 
limitations, are but a few of the basic problems which can be resolved by early planning. 
Take advantage of this IC service, backed by world wide experience, design, research, 
manufacturing, and installation facilities. 


INDUSTRIAL WATERTUBE BOILERS FOR OIL, GAS OR SOLID FUEL FIRING 


TIONAL COMBUSTION LIMITED 


NINETEEN WOBURN PLACE LONDON WCI TELEPHONE TERMINUS 2833 WORKS DERBY @ 


Member of Atomic Power Constructions Limited - One of the British Nuclear Energy Groups TGA. 18 18 





HOW 10 CONTROL 
YOUR DUST... 


If you have a dust recovery or powder handling 
problem of any kind, you will find our latest 
brochure useful and interesting. In it we discuss 
dust collection in general and give numerous 
examples of the application of dust recovery 
equipment to various industries. The information 
in the brochure is based on many years’ experience 
in dealing with practically every kind of material 
in powder or fibrous form. It also contains 
illustrations showing different types of equipment 
varying from large centralized plant to small units 
for use with individual grinding or polishing 
machines. Enquiries invited to 

THE VISCO ENGINEERING CO. LTD., 
Stafford Road, CROYDON. Croydon 4181. 


VISG0 


Modern Dust Collectors 























Ask for ‘VISCO Dust Collection’, free on request. 
FWSs 


12 JOURNAL OF THE IRON AND STEEL INSTITUTE 





RUSE 








Welcome 
... wherever they go 


A wide range of leading Industries specify West Hunwick Silicas to ensure longest possible life with 

least attention. West Hunwick Silicas are perfectly shaped and sized to meet specific demands, and their production 
is subjected to an exhaustive control which ensures absolute consistency of quality. For long-lived furnace 
campaigns use HUNNEX high duty silicas in target areas, HUNWICK standard quality silicas where 

temperature and operating conditions are more normal. 


New ! Facts about West Hunwick’s new ‘Basic Bricks’ will be available shortly. 


WEST HUNWICK CONTROLLED REFRACTORIES 
The West Hunwick Silica & Firebrick Company Limited, Hunwick, Crook, Co. Durham. Telephone: Crook 200 


well 
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Where sections 
vary greatly ... 


...2 films are better than 1 


ILFORD technicians pioneered multiple film technique 
in industrial radiography. This has been graphically 
described as a “sandwich” of two or more films, and the 
technique gives vastly superior results where specimens with 
widely varying densities have to be critically examined. 


The “sandwich” consists of two or more films of 
different speeds loaded into a standard cassette for 
simultaneous exposure. Thick sections of the specimen 
register clearly on the faster film, and the thinner sections 


on the slower film. The effects of differential exposure can 
be accentuated by using lead screens in the “sandwich”. 
The technique can also be used for making duplicate 
radiographs by using two films of the same speed. 


Choice of the appropriate ILFORD Industrial X-ray 
films obviously depends on the subject, the tube voltage 
and the presence or absence of screens. Full details of 
film choice and voltages, as well as lead screens, will be 
forwarded by request. 


For improved radiographic examination 





ILFORD LIMITED + ILFORD 
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INDUSTRIAL X-RAY FILMS, CHEMICALS, 
CASSETTES AND LEAD SCREENS 
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THE Tela A? ENGINEERING COMPANY LTD. 
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DAVY-UNITED 
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45" x 114" reversing slabbing mill. Photograph by courtesy of Appleby-Frodingham 
Steel Company (Branch of The United Steel Companies Limited). 
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DAVY AND UNITED ENGINEERING COMPANY LIMITED SHEFFIELD 


DAVY-ASHMORE GROUF 
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New sfaelsarcatat: 








newest in Medium-voltage 
AIR-BREAK switchgear... 


The ‘ENGLISH ELsctric’ Class ‘M’ medium voltage circuit-breaker 
embodies the latest ideas in design and construction. It incorporates, for 
example, safety factors hitherto only associated with high voltage circuits. 
Easy to install, simple to operate and maintain, these circuit-breakers are 
totally enclosed under all service conditions and isolation is completed 
behind a closed door. The new range of time-controlled, direct-acting 
overcurrent tripping units give better performance and discrimination. 
Send for Publication SG/352A to: 

The ENGLISH ELECTRIC Company Limited, Switchgear Department, 
East Lancashire Road, Liverpool, 10. 





31 MVA at 415 volts. ASTA Certificate No. 4062. 
: {' \ ( 1 | | \ i | | | ( TR ( . Compact cubicles of uniform height for 
ji | JEL iLbLY 800 and 1,600 amp breakers, 1,600 amp on 2’ 0” 


centres. Unitised busbars for ease of uprating 


switchgear and extension ; up to 3,000 amps available. 


Automatically operated shutters screen cable and 





busbar connections when the breaker is withdrawn. 
THe ENGLISH ELECTRIC Company Limitep, ENGLISH ELecTric House, STRAND, LONDON, W.C.2 


WORKS: STAFFORD * PRESTON - RUGBY * BRADFORD 





* LIVERPOOL - ACCRINGTON 


SUGLAIA 
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don’t 

ccceee lose 

it 

When flue gases escape into the air they’re gone 

for good, and with them goes the chance of a big 

fuel saving. 

With a Senior Economiser you can use these gases to 
pre-heat the feed water, saving 10—20% of your fuel, 


increasing the efficiency of your boiler plant, 
cutting the cost of steam. 


Senior Economisers, with their patented H-gilled 

heat exchange tubes, combine maximum effective 
heating surface with minimum resistance to flue gas flow. 
Straight, uniform gas passages, which do not collect 
soot, keep draught losses consistently low and rate 

of heat recovery constant. 





If you have a boiler burning more than 20 tons weekly 
of any type of fuel, you can take advantage of 

Senior Economisers, They are built individually to suit 
your plant, and capital cost is soon repaid in fuel savings. 


Why not write for further details ? 


Diagram shows temperature figures 
in a typical installation, 

















economisers 


SENIOR ECONOMISERS LIMITED 
Northumberland House, 303-306 High Holborn, London, W.C.1 
Tel: CHAncery 8173 (8 lines) 
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~~ | INDUCTION HEATING...helping me? 


It most certainly is —for aircraft engine manufacture is one of the 

many important industries benefiting from induction heating 

equipment produced by Garringtons. Turbine and compressor blades for 
jet engines, heated for forging by this proved method, are used in 

such world famous engines as Rolls-Royce “Avon”’, Curtiss-Wright “J.65”, 
Armstrong-Siddeley “Sapphire”, Bristol ““Olympus” and 

“Orpheus”’, to mention but a few. 


If you are interested in heat treatment or hot working of metals 
in any form, Garringtons’ specialised services can help you. 
Advantages include :— 

Quality — Improved as a result of automatic control 
which ensures consistent scale free 
heating to specification. 

Operating time — Reduced through high heating rate. 





A typical jet 





engine rotor Turnover — Increased through improved production, 
disc fitted with and space saved for greater capacity. 
Garringtons’ forged blades. Labour — Better working conditions through automation. 


Anti-pollution — Air contamination greatly reduced. 
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: Descriptive literature will gladly be sent to responsible 
‘ authorities upon request to address below. 
: 
cane : INDUCTION HEATING DIVISION 
jon, W.C.1 i GARRINGTONS LTD., BROMSGROVE, WORCS. ENGLAND. 
73 (8 lines) : Telephone : Bromsgrove 2621 (7 lines) Telegrams : Garrington Phone Bromsgrove. 
INSTITUTE February, 1961 
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Long life * Low friction 
Corrosion resistant * Water cooled 
Improved surface condition of roll neck 


Technical information for new or 
existing mills supplied on request. 


/ - Wp 








THE BUSHING COMPANY LTD. HEBBURN ON TYNE 


TELEPHONE: HEBBURN 83-2241 © TELEGRAMS: BUSHING HEBBURN 
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Reputation indisputable 


Quality incomparable 


Service . inexhaustible 


and 


Production . . . indefatigable 
Insist- on Wimet- Toots 





“Wimet" is the registered trade mark of Hard Metal Tools Ltd., a Wickman associated company. 545 ST 



















Electric Furnace 





(ti CONTROL GEAR 


The panel illustrated is a three panel 6,600 May we quote 


volt 3 phase, 50 cycle switchboard you for all 
controlling induction Heating furnaces. types of fully 
automatic 





Our system of Switchboard construction 
control gear 





provides complete flexibility and 
adaptability for designing and manufacturing 
control gear for all types 


of electric furnaces and steelworks. 


See 





Send for Publication No. 121/0660. 
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Contactor SwitcHGEAR LIMITED 


BLAKENHALL +: WOLVERHAMPTON - ENGLAND 
Telephone: Wolverhampton 25911/7 
Telegrams : Tactorgear Wolverhampton 
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S&L STBEL TUsSES 
FOR RAILWAYS 


Stewarts and Lloyds, with a century of tubemaking behind 
them, are well known as producers of the highest quality 
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tubular steel material for the railway industry. 





ae 


Whether for steam locomotion, still being used in many parts 





of the world, or for modernization schemes, the Company can 






meet the industry’s requirements for steel tubes. 





> 


$ & L production engineers maintain quality control from raw 
material to finished products, which include :— 







TUBES FOR BOILERS; POINT RODDING; 
VACUUM BRAKE SETS; OIL PIPES; 
POLES FOR SIGNALS OR OTHER APPLICATIONS; 
RECTANGULAR HOLLOW SECTIONS AND ROUND TUBES 
FOR STRUCTURAL AND MECHANICAL PURPOSES. 
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Our subsidiary, Tubewrights Limited, have designed and 
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supplied tubular steel structures for railway electrification, 





floodlighting towers for marshalling yards, footbridges, signal 
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and servicing gantries and steelwork for stations. 


Address your enquiries to :— o#y 


STEWARTS AND LLOYDS en 
LIMITED Pi 


BROAD STREET CHAMBERS, BIRMINGHAM, 1 dah 
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CHOSEN BY 
THE UNITED STEEL COMPANIES LIMITED 


Appleby-Frodingham Steel Company 
Samuei Fox & Company Limited 
Steel Peech & Tozer 

Workington Iron & Steel Company 


CHARACTERISTICS 
OF HOLSET COUPLINGS 


Can accommodate limited angular and parallel 
misalignment. 


Absorb shocks and operate noiselessly 
under any conditions. 


The multi-row arrangement of the blocks results 
in a small diameter and, therefore, 

a lower WR? value than 

any other torsionally resilient coupling. 


No end thrust on the bearings of the 
connected shafts. 


No lubrication or maintenance required. 


A size 600 H.P./R.P.M.Holset Flexible 
Rubber Block Coupling installed on the 40” Slabbing 
Mill at the Stocksbridge Works of Messrs. 


Samuel Fox & Company Limited 


5 ENGINEERING CO. LTD 
TURNBRIDGE, HUDDERSFIELD. 


TELEPHONE HUDDERSFIELD 7480 
TELEGRAMS HOLSET, HUDDERSFIELD 
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This heavyweight turned the scales at 28 tons, 10} cwts. It is a 
Duplex Manganite Alloy Indefinite Chill Work Roll, 39” x 150” x 266", 
for a 4 High Plate Mill. From this, to the smallest work roll, 
you can rely on us for accuracy and quality. 
i ri Ee af RI i | 5S i R. B. TENNENT LTD.., 
i WHIFFLET FOUNDRY, COATBRIDGE, 


SCOTLAND. TEL.: COATBRIDGE 425 


i C. AKRILL LTD., 
i * N eg WESTON ROAD, CREWE. 
5 TEL.: CREWE 3412. 


THOMAS PERRY LTD., 


i >. HIGHFIELD WORKS, BILSTON 
) mtd RPORATION |e: 


MIDLAND ROLLMAKERS LTD., 
ee ee ee es TEL: CREWE 3612. 





; LONDON OFFICE: 38, VICTORIA STREET, 8S.W.1. Telephone: ABBey 6407 
i BRC #4 
TUTE February, 1961 25 
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Thermal 





ALUMINOUS PORCELAIN 525 


4 } e 
(ombustion 





Tubes 
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CLOSURES For use in any high temperature furnace, particularly for 
Circular, specially carbon and sulphur determination in steel, operating at 
reamed ends ensure temperatures up to 1500°C (2732°F). These tubes are 
gas tight closures ; bine 

with rubber bungs. completely reliable, do not devitrify or allow loss of 
age ght combustion gases even up to maximum working 
iron oxide carry- temperatures. Thermal aluminous porcelain 525 sheaths 
over also available. are excellent for use as pyrometer sheaths up to 1500°C. 





‘ iL, THE THERMAL SYNDICATE LTD 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND Phone: Wallsend 62-3242 
LONDON: 9 BERKELEY STREET WI Phone: Hyde Park 1711/2 
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**, ..“Members of the Jury’ I'd begin—and I 
reckon that would be my lot. 

“You want a cool, calculating brain to 
tackle a job like that. Every step planned 
in advance—on your toes every minute of 
the day and heaven help the client if you 
make a mistake. 

“A bit like casting a roll when you come 


to think of it—except for the talking. 
Always one move in front of the metal, 
every detail worked out to a hair-breadth 
and all the time Charlie, the crane driver, is 
sitting in his box like a blooming judge. 

“As for the Jury? Well, I reckon all of us 
at AW fill that bill, but speeches won't 
sway us—it’s the result that counts here.” 


CLOSELOY ROLLS - perfection in Roll technique 


ARMSTRONG WHITWORTH (METAL INDUSTRIES) LIMITED 


Close Works, Gateshead 8, Co. Durham. Tel: Gateshead 71261 
STEEL FOUNDRY: Western Road Works, Jarrow, Co. Durham 
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SPECIALITIES 


WIRE RODS 


IN ALL QUALITIES 





JOISTS CHANNELS AERIAL VIEW OF A SECTION OF IRLAM WORKS 


PHOTOGRAPH BY AERO PICTORIAL LIMITED 
ANGLES as OTHER PRODUCTS 
ELATS & ROUNDS BASIC PIG IRON + FERRO-MANGANESE + TUBE STEEL 
SQUARES + SASH AND CASEMENT SECTIONS 
HAMMER-LOCK STRUTS + COKE OVEN BY-PRODUCTS 
MILD STEEL & BALING HOOPS IRON, STEEL AND NON-FERROUS CASTINGS 
CABLE TAPE CONCRETE FLAGS, KERBS, ETC. 


LANCASHIRE STEEL MANUFACTURING COMPANY LTD 
a WARRINGTON cool 


gs WORKS: IRLAM & WARRINGTON 
Londen Office: KINNAIRD HOUSE, PALL MALL EAST, S.W.! * Telephone: WHITEHALL 7515 - Telegrams: LANCASTEEL, LESQUARE, LONDON 
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FERRO-CONCRETE BARS (BENT & TWISTED) 
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From experience Gibbons “H.T 1”’ insulating refractory is the 
automatic choice of leading furnace manufacturers and users — its 
combination of low thermal conductivity with resistance to high 
temperatures has proved remarkably effective in minimising heat 
losses and raising furnace outputs. The Gibbons “H.T 1” is developed 
from more than 20 years’ experience in 


the manufacture of insulating refractories ) )} | , 
and today an entirely new and original r | | 
manufacturing technique enables us to 


offer material having unique physical 


properties at a price you can afford to pay. INSULATING REFRACTORIES 






\ My 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 55/4! 


Mew. 
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The furnace industry is well acquainted with THERBLOC* for *& THERBLOC is a highly efficient Minera! 

' insulation up to 1500°F. Where lower temperatures are involved Wool Slab which is being used exten- 
ively in place of diatomi beckiag 

however, for example, core stoves and paint booths, consider S.R./0 Oe Oe 


insulant at interface temperatures up to 


815°C. Write for Technical Data No. 5 
maintaining temperatures and reducing fuel bills but also to make on THERBLOC for furnace and stove 


working conditions more acceptable to operators. insulation. 


Mineral Wool slabs. An inexpensive, yet valuable material not only for 


—_—ow = SEND COUPON FOR DETAILS @ OO == “| 
To STILLITE PRODUCTS LIMITED, 15 Whitehall, London, S.W.1 
Please send me Technical Data Sheet No 10 


NAME 








Regd. Trade Mark 


STILLITE PRODUCTS LTD. 


15 Whitehall, London, S.W.1. Tel: Whitehall 0922/7 
and at St, Vincent Street, Glasgow C.2. Tel: Central 4292. 


ADDRESS 














(Just attach to letterhead) Journal! of the Iron and Stee! Lastitute 
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but not of steel. This is the amount of steam generated by S-B-C waste heat 
boilers at Durgapur. The Spencer Bonecourt boiler shown above, inset, and 
six others like it, produces from 10,000 to 20,000 Ibs of steam per hour - at 200 Ibs 
per sq. in. S-B-C waste heat boilers were chosen by The Wellman Smith 
Owen Engineering Corporation Ltd., to operate in conjunction with their 200 ton 
open hearth melting furnaces for Indian Steelworks Construction Co. Ltd. 
On any question relating to the recovery of waste heat, S-B-C are the people to 
contact. Write in today for the illustrated booklet : “ Waste Heat Recovery”. 


SPENCER-BONECOURT-CLARKSON LTD. Leaders in Waste Heat Recovery 
A subsidiary company of Babcock & Wilcox Ltd. 


28 EASTON STREET - LONDON - W.C.1 Telephone: Terminus 7466 


WSBC21 
31 











SSI ab alent AIS ial 

















SORES TT a ta REN 





wr 


J ‘a =, = 4‘ a 
Pe at wi . 
a ¥ ie . all 
Poe. Ge ce 
‘ x ve Gee 
ee L ’ * cae 
ei dj a E ra Fey 
oF eb 
nates 
is 





A new dense, high fired refractory to meet the most 
exacting conditions encountered in the stack in 
modern furnace operations. Main features of this 
refractory are very low porosity, high resistance to 
abrasion and a very low iron content which makes for 
complete immunity from carbon monoxide attack. 


7. 
Y SILLMAX ‘I’ 


A 100% bondless Sillimanite refractory of highest 
purity and low porosity for use in the lower stack, 
bosh and hearth. Very resistant to slag and alkali 
attack and volume stable at the highest temperatures 
likely to be encountered in the blast furnace. 

















FOSTER HIGH GRACE ‘S’ 
An improved quality stack refractory with a high 
abrasion resistance and resistant to carbon monoxide. 


FOSTER CROWN ‘S’ 
An improved quality 42% Alumina refractory for 
use in the lower stack, bosh and hearth. 


FOSTER CARBON 

A well-tried and proved refractory for use in hearth, 
well and bosh. Can be supplied in either large 
blocks or standard sized bricks. 

















Fs INSULATION 
A complete range of G.R. Amberlite insulating 
material is available. 


Suitable jointing cements and ramming compositions are available 
for use with the various blast furnace refractories described above. 


GENERAL REFRACTORIES LTD © 
GENEFAX HOUSE - SHEFFIELD 10 * Telephone: SHEFFIELD 31113 9 “wrcc: 
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BOLT-FIXINGS BEFORE YOU 
POUR=—NO HOLES TO BORE! 


When bolt-fixings are required in con- 
crete, and their location is known before 
the pour, Rawlplug Cement-in-Sockets 
will save you a great deal of time and 
trouble. The Cement-in-Sockets are 
attached to the inner face of the shut- 
tering prior to pouring. When the con- 
crete has hardened, the shuttering is 
struck leaving the Cement-in-Sockets 
in predetermined positions. 


KEYED FOR STRENGTH 


Rawlplug Cement-in-Sockets are made 


of malleable iron and shaped with four 
side fins and flanged base to ensure a 
strong permanent fixing. The key thus 
provided is so efficient that the strength 
of the fixing is determined by the 
strength of the concrete itself! Rawl- 
plug Cement-in-Sockets are available 
for Whitworth bolts or set screws dia- 
meters from }” to 1”. 

Write now for full details of Rawiplug 
Cement-in-Sockets. Advice as to their 
application to your special needs gladly 
given without obligation on your part. 








SOME IMPORTANT USES FOR 
RAWLPLUG CEMENT-IN-SOCKETS 
—when moulding post or pre-tensioned 

concrete members. 

—when pouring floors to which false 
ceilings are to be fixed. 

—for providing ready-made bolt-fixings 
for partitions, pipe runs, ventilating 
ducts, heating units, handrails, cable 
racks, etc., when constructing lift shafts, 
stairways, bridges, tunnels, sea walls, etc. 


Ades Sy 
eR 


CEMENT -IN-SOCKETS 


one of the 23 different types of Rawiplug Fixing Devices for speed and strength 


RAWLELUG 


THE RAWLPLUG CO LTD: CROMWELL ROAD-LONDON SW7 


8695 
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cranes 


serving the Iron and Steel Industry 


Many of Britain's leading steel 
producers, stockhoiders 
and merchants have been 
supplied with Smith diesel 
and diesel-electric cranes 
specially designed and 
equipped to meet 
individual requirements 
on site. We show two 
recent examples. 


ae Several Smith cranes 

' have been supplied to 
the Ebbw Vale Works 
of Richard Thomas & 
Baldwins Ltd., suchas 
this 30-ton lifting cap- 
acity machine, for use 
with hook or magnet. 




















ian 

Cox & Danks Ltd., iron 
and steel scrap mer- 
chants, employ this 
Smith 7 ton capacity 
diesel-erectric crane 
to handle scrap attheir 
Manchester yards. 


THOMAS SMITH & SONS (RODLEY) LTD - RODLEY - LEEDS 
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Mobil D.T.E. Oils 
to reduce 
maintenance 
costs and 
increase 
production 


te gil 


ASK THE MAN 
FRC « MOBIL ABOUT 
BAL /i/CED OILS 


Our representative will give you 
the facts—the facts about the 
performance of Mobil D.T.E. Oils 
in comparison tests with other 
well-known hydraulic and 
circulating oils. Ask the man 
from Mobil to call and explain 
how Mobil D.T.E. oils can 
reduce maintenance costs and 
increase production 


Mobil D.T.E. Oils stand 
head and shoulders above 
all ordinary oils. They 

give ba/anced protection 
and performance that 

no oil on the market 
today can equal. 


Mobili D.T.E. Olis give 
you the following 
advantages: 
LONGER OIL LIFE 


QUICK SEPARATION 
FROM WATER 


FREEDOM FROM 
DEPOSITS 


PROTECTION AGAINST 
RUST AND CORROSION 


LESS WEAR 


HIGH TEMPERATURE 
STABILITY 











~, OF 
Na 


\ a ECONOMY, SERVICE 









February, 1961 35 

















a 


SERCeP SE 








Res: 


er SERA ED DRE ey 










A cluster of six magnets, each 12} in 
diameter, handles a coil of steel strip 
weighing 3,248 lbs. at the stockyard of 
Ductile Steels Ltd., Willenhall, Staffs. 














Loading broken scrap from bins into the 
continuous casting plant at Stanton 
Ironworks, Nottingham. 






Mlle 


Z 
47% 
VA 

4 


Whether handling hot steel billets and ingots or 
salvaging metal from under water, Witton-Kramer 
electric magnets do the job superbly. Circular, 
rectangular or bi-polar, G.E.C. makes them all with 
coils designed and constructed to withstand heavy 
duty and shock loads. All Witton-Kramer magnets 
are easily maintained and quickly serviced. 
BO ee eens z, 


RELY ON THE EXPERIENCE OF GaSe’ cow Ge 


lifting rolled steel joist. THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND - WITTON-KRAMER DIVISION - BIRMINGHAM 6 
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Half a century of continuous 
research and unceasing effort to 
keep abreast of the ever more 
exacting demands of the Roll user 
enable Firth Brown to produce 
Forged Steel Rolls of outstanding 
quality. By their success in the wide 
field of rolling ferrous, non-ferrous 
and precious metals, plastics etc., 
Firth Brown are able to place the 
latest technical advice at the 
disposal of Rolling Mill 
manufacturers and operators alike. 
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3 ALLOY STEELMAKERS FORGEMASTERS STEEL FOUNDERS 
IRMINGHAM 6 j THOS. FIRTH & }OuHN BROWN LIMITED . 
=f 
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4 





SHEFFIELD 





FORGED 
OTEEL 
ROLLS 





HEAVY ENGINEERS 
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FOR THE 


DIRECT 
REDUCTION 
OF IRON 


Under a non exclusive arrangement with the R-N 
Corporation of New York, Head Wrightson will 
engineer and supply throughout the world com- 
plete plants using the R-N process for the direct 
reduction of iron ore with subsequent gangue 


REMEMBER 


separation and the production of briquettes of a 
very high iron content. 

We invite you to write for full information on this 
new process. Our engineers are available to 
discuss the suitability of your own ore to this new 
method of direct reduction. 


@ The R-N process is not dependent upon the availability of coking coal. 

@ Capital and running costs are competitive with other direct reduction processes, but the R-N 
process has the technical advantage of subsequently removing the gangue. 

@ The R-N process can use ores and coal that today are not suitable for blast furnace plant. 


@ The R-N product is an excellent feed material for electric arc and open hearth 
furnaces as well as a convenient cooling material in oxygen converters. 


HEAD WRIGHTSON MINERALS ENGINEERING LTD. 


46 Rutland Park, Sheffield 10 
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SPALL RESISTANT 


STOPPER 
END 
offers EXTRA Reliability 


The focal! point of teeming. The Stopper End. Subject to 
thermal shock, intense wear by liquid steel and severe 
mechanical stresses at high temperatures. No half 
measures with stoppers—they work or fail. 


Resulting from years of development work Marshalls 
now present their “SR’’ quality. Already acclaimed and 
well-known in the biggest ladies of the major integrated 
plants, “SR”’ is equally satisfactory in the steel foundry 
and when teeming the smaller ‘special’ steel charges. 


“SR” is highly refractory, accurately shaped—and tough. 
Consistently better and COSTS NO MORE. 


LADLE BRICKS - SLEEVES - STOPPERS & NOZZLES - TRUMPETS & PIPES - CENTRE BRICKS & RUNNERS - MOULD HEAD BRICKS 


REFRACTORIES 


THOMAS MARSHALL & CO. (LOXLEY) LTD * LOXLEY * SHEFFIELD Tel: 343844/5/6 


One of the MARSHALL REFRACTORIES GROUP 


of Companies 
T™M39 
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STEEL ROLLS 


FOR BLOOMING MIL | 
Forged and cast steel Work Rolls, se | 
Composite Back-up Rolls, and COGGING MILLS 
cast steel Back-up Rolls in carbon PLATE MILLS 


or alloy steels to suit the particular 
applications and service conditions 




















ENGLISH STEEL FORGE AND ENGINEERING CORPORATION LTD 
ENGLISH STEEL CASTINGS CORPORATION LTD 


wholly owned subsidiaries of English Steel Corporation Ltd., Sheffield 
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serving Britains Industry 


GRIFFIN BRAND 


STEEL SHEETS 


* Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets — 
Black, Galvanised, Flat and Corrugated, 








* We make the widest Steel Sheets and 
have the largest general Galvanizing 
Plant in Great Britain. 








* Metal Spraying by the most up-to-date 
methods done in our works or “‘in situ’’. 


Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys. 
Cadmium, Monel Metal, etc. 
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> | eSmith Lid 
| eSmith and McLean Lid. 
offira fl Ne = 179 WEST GEORGE STREET, 
ta 4 GLASGOW, C.2 
; ~~ me Tel.: CENtral 0442 'Grams: CIVILITY, Glasgow 
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Reproduction of 16th century Dutch Print by 
Amman, illustrating the craft of the Pewterer. 
(Copyright, Radio Times—Hulton Picture Library) 


‘Every 
mat) 
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w 


our 
trade is 





STEEL! 


Not only mild steel for everyday use but also the 
special steels demanded by the Nuclear Age . . . for 
example we produced the special steel plates for the 
reactor vessels at Calder Hall, Chapelcross and 
Bradwell, and we are now supplying plates for the 
nuclear power station reactor at Latina, Italy. 


co An interesting booklet “‘Steels for the Job’’, just 


published by us, describes some of our newer products. 
We shall be delighted to send you a copy. 







YOU SHOULD HAVE 


Our Technical and Research Department will also welcome 
THIS BOOK. 


enquiries from any whose problem is .. . STEEL 


CONSETT IRON COMPANY LIMITED, CONSETT, COUNTY DURHAM 


Telephone: Consett 341 (12 lines) Telegrams: Steel Phone Consett 
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PRIEST 


STOPPER ROD 
DRYING OVENS 


RHAM 


me Consett 


INSTITUTE =| February, 1961 


site Shiai: Aap 


The above illustrates our Recirculating type continuous 
Stopper Rod Drying Ovens as supplied for use with Open 


Hearth, Bessemer or L.D. Steel Making Plants. 


We specialise in the design and construction of :— 


Open Hearth Furnaces. Furnaces for Aluminium 


: : Melting, Coil Annealing and 
Sealing Pits of * renee Sick Wateensinn. 
Continuous Multi-zone Bloom 

: F I 
and Slab Re-heating Furnaces. oes — Heat Treatment 


Continuous Bogie type Ingot Stress Relieving Furnaces. 
and Slab Heating Furnaces. Ship-yard Plate and Bar 
Modern Lime Burning Kilns. Furnaces. 


PRIEST FURNACES LIMITED 
LONGLANDS - MIDDLESBROUGH 
also at KELHAM ISLAND WORKS - SHEFFIELD 3 
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There's no illusion 


Rolled and forged rings 
in ALLOY, STAINLESS and 


SPECIAL CARBON STEELS 
from 24 inches up to 7 feet 
outside diameter. 
BROWN BAYLEY STEELS LIMITED . SHEFFIELD 
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Just leave it on your desk and see 
how quickly the dust collects! Even 
without this collector, the Holmes 
range of dust collection and control 
plant is still one of the most exten- 
sive in the world. Detailed technical 
brochures are available and can be 
had on request. Please ask for tech- 
nical literature GCD/ 24, 


W. C. 


Gas Cleaning Division, 
Turnbridge, 
Hudderstieid 


this is a dust collector 


te) Sie & CO.LTD. 


Telephones: Huddersfield 5280 
London: Victoria 9971 
Birmingham: Midland 6830 
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CONTINUOUS BILLET REHEATING FURNACE WITH TYPHOON BURNERS 


HOON 


ROTARY FLAME GAS BURNERS 





















TYPHOON GAS BURNERS ENSURE INTIMATE OTHER 
MIXTURE OF GAS AND AIR - THE ABSOLUTE SPECIALITIES 
MINIMUM OF SPACE - HIGHEST POSSIBLE MORGAN GAS MACHINES - SOAKING 
FLAME TEMPERATURE : ACCURATE REGU- PITS (Isley Controlled) - MILL FURNACES 
LATION AND ABSOLUTE CONTROL OF 
FURNACE ATMOSPHERE - INCREASED OUT- 
PUT WITH LESS FUEL 


Equally suitable for crude producer gas, blast furnace, 
coke oven, mixed or town gas 


Re eres 


HOT METAL MIXER CARS - MORGAN AIR 
JECTORS - NASSHEVER CONTINUOUS 
BRIGHT ANNEALING FURNACES 


Bie LS Ra IRE eR 


(Sole Licensees) 


THE INTERNATIONAL CONSTRUCTION co. LTD. 


(Successors to Julian Kennedy, Sahlin & Co., Ltd.) 
56 KINGSWAY - LONDON - W.C.2 


Telephone: HOLBORN 1871-2 Telegrams: SAHLIN, WESTCENT, 2 LONDON 
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“STELLITE” RESISTS WEAR 
AT HIGH TEMPERATURES 


in action 


guide 
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Illustration 


Throughout all branches of the Steel Industry Deloro Stellite alloys have 
proved to be extremely resistant to arduous conditions of abrasion and 
heat. Components protected with these alloys show a lifé increase of up 
to 500%. Applications include hot shear blades, ingot tong bits, twist 
rolls, etc. 


““Stellite” is applied by normal welding processes, or the recently 
developed Spray-Fuse and Powder Welding methods. 


DELORO | Our area engineer will be pleased to call and give any advice you may require 
STELLITE s 


DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE - ONTARIO - CANADA 


The names “Deloro"’ and “' Stellite’’ are registered trade marks 
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Two train loads of rails 
and switches leaving 

Summerson’s Spennymoor 
Works. 









SUMMERSON ‘Designing’ 
wins big Thailand contract 
for rails and switches 


In the face of keen world wide competition Summersons obtained a contract from the State Railways of Thailand 
comprising 115 turnouts angle 1 in 10, complete with over-riding switches and cast manganese vee pieces, also seven 
diamond fixed crossings, angle 1 in 10, including two acute crossings with cast steel vees and two obtuse crossings. 
Ancillary equipment was also supplied. 

Good designing was a deciding factor, and Summersons 120 years of experience of designing, manufacturing and 
laying railway track stood them in good stead. Write for a copy of Summersons Book of Railway Sidings 

MOWDEN HALL, DARLINGTON TELEPHONE DARLINGTON 5226 


THOMAS SUMMERSON & SONS, LTD., 








Illustration shows part of 
two complete trains used 
to deliver. 
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problem Exveli's-1- 


Its flexible construction allows this metal-clad 
mineral-insulated noble metal thermocouple to 
be bent around small radii, a feature that is 
obviously valuable in many applications . . . 


but there is more to it than that... 


for it has high sensitivity together with excellent 

resistance to thermal shock. In corrosive condi- 
“n tions, in which a ceramic sheath would be 
rapidly attacked or penetrated, the non-porous 
sheath—of noble or base metal, or a combina- 
tion of the two—affords the couple protection 
against contamination without restricting its 
temperature range. 


“Erk eee 


Full details are available on request. 





nS? 


Johnson} 
Matthey 


JOHNSON, MATTHEY & CO., LIMITED, 73-83 HATTON GARDEN, LONDON, E.C.! 
Telephone: Holborn 6989 


Vittoria Street, Birmingham, |. Telephone: Central 8004. 75-79 Eyre Street, Sheffield, |. Telephone: 2921/2 
E 04/234 
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oder forge Furnaces 


FIRED BY FUEL OIL, 
PRODUCER GAS OR CITY GAS 


The increased demands for accurate repetition of heating conditions 








is ensured by automatic control of 
furnace atmosphere, temperature and pressure. 
These city gas fired furnaces 
were recently installed at 
the Works of C. Meadows 
& Co. Ltd., Sheffield. 










FU 







RNACES, | 


SHEFFIELD, EN 
Telephone: 202U/2 ie ghastdece 
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Our... 


Meetiie 


flows through a large ‘Deptford’ 
Rotary Water Strainer. The strainer consists 
of a rotating perforated drum, rolled 
from naval brass plate and the water flows into it through 
3/16th inch diameter perforations. The debris 
collects on the outside of the drum and is scraped off by a fixed, 
phosphor bronze, blade. Cleaning is continuous and 
entirely automatic and back-washing is not required. Sludge is 
flushed out of the hopper beneath the strainer at intervals, 
without interrupting the flow. ‘Deptford’ Strainers are made in a 


number of sizes, with capacities up to 5,000,000 g.p.h. 
A fully illustrated brochure is available upon request. 





RIGHARDSONS WESTGARTH (HARTLEPOOL) ino 


A member of the RICHARDSONS WESTGARTH GROUP 


HARTLEPOOL, CO. DURHAM AND AT 58 VICTORIA STREET, oe eee 
59 MOSLEY STREET, MANCHESTER, 75 BUCHANAN STREET, GLASGOW 


Vl 


ND 


RW60 
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STANDARD CASTABLE + TRI-MOR 1500 CASTABLE - TRI-MOR HIGH 
TEMPERATURE CASTABLE + TRI-MOR 1800 CASTABLE - TRI-MOR 


castable refractories roe 
made by... GAN 


MORGAN REFRACTORIES LTD., NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 


NE 165A 
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A busy man’s 
guide to Britain’s steel progress 


WINSTON CHURCHILL kept his finger on the pulse of things 
by asking for important information “‘on one side of a 
sheet of paper’. 

The post-war achievements of the British steel industry 
would fill a book. Here, for the busy man whose eye we 
have this minute, is an account of what is happening now. 
PRODUCTION The British stee] industry produced over 
24 million tons of steel in 1960 — compared with 20 million 
tons in 1959. Output is now about double the pre-war 
figure. Production of alloy steels—especially stainless steel- 
is expanding particularly rapidly. 

PLANT Since the end of 1946, almost {900,000,000 
has been spent on development. Continued modernisation 
and expansion — now costing some {125,000,000 a year — 
will provide steel capacity for over 30 million tons by 1965. 
Pig iron output per furnace and open hearth steel output 


per furnace are both more than double pre-war. With the 
need for ever-increasing efficiency and economy, ore 
beneficiation has made great strides and fuel consumption 
per ton of iron has been reduced by about 25 °% since the 
war. Use of oxygen for steelmaking is rapidly increasing. 
INDUSTRIAL RELATIONS The industry keeps its 
remarkably good record for settling industrial disputes 
without recourse to strike action. British steel workers are 
often sons and grandsons of steel workers, richly endowed 
with traditional skills. Making steel exactly to specification 
is more than a commercial requirement; it’s a matter 
of pride. 

PRICES British steel prices have been keenly com- 
petitive since the war with those of other major European 
producers and well below the American price level — and 
the quality of British steel is unsurpassed. 


THE BRITISH IRON AND STEEL FEDERATION 
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Photo courtesy Stee! Co. of Wales 


INSTRUMENTS AND CONTROLS FOR THE 


VLN PLANT 
AT THE STEEL COMPANY OF WALES LTD. 


INSTALLED BY 


REAVELL-FAHIE LTD 


RANELAGH WORKS 
Reavell-Askania Regulators. Instrument 
Panels. Complete Instrument and Control 
IPSWICH : 


Schemes designed, installed & commissioned. 
Project studies and reports. 


TELEPHONE: 52912 
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THIS MAGHINERY-— part of a Rolling Mil— 


was produced by 


SHEEPBRIDGE EQUIPMENT LTD. 


to the order of 


Davy and United We build special purpose machinery 


and fixtures to customers’ specifica- 


Engineering Co. Ltd. tions. Our production facilities —a 


combination of modern well-equipped 
of Sheffield shops and a highly trained staff of 
craftsmen and technicians—enable us 
to produce high precision work to 


any dimensions. 


Photo by permission of Davy and 
United Engineering Co. Ltd. 
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TRIUMPHS OF SHELL RESEARCH 


EY With new Shell Dromus Oils 


Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern 
high-speed machines are used and the emulsion 
can concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 
Shell Dromus Oils have been reformulated and 
these new cutting oils now produce bland emul- 
sions, which considerably reduce the risk of skin 
trouble to operators. 

The real difficulty was to find a new couplingagent 
to replace the phenoliccompounds, and Shell finally 
used what their chemists know as a higher fatty 


The Research Story 


alcoholcomplex. Thissolved oneproblem, but pres- 
ented another. The new-coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 

The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazardsat noextracost. And machinemen 
need no longer be so worried about skin troubles. 

The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 
right oil for the job. If you and your organisation 
have any major lubricating problems, it pays to 
get in touch with your local supplier of Shell 
industrial Lubricants. 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 

Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in field trials. 

This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom. 





This is the blending kettle. The 
reflux condenser beside the stirrer 
motor prevents the loss of con- 
stituents volatile at the blending 
temperature. 


vw E) DROMUS SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 
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HOT ROLLED STEEL BARS 


Round * Square ¢ Flat 


Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED 
St STRIP ere 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 
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Fiying Shears 


Designed by the Engineering Department of Guest, 
Keen & Nettlefolds (South Wales) Ltd., and made by 
B. Thornton Ltd., Turnbridge, Huddersfield. 


We design and manufacture: 

Equipment for Coke Ovens, Blast Furnaces and 
Open Hearth Plant. Rolling Mills for the Ferrous 
and Non-Ferrous Industries and Rolling Mill 
auxiliaries. Plate work. 





»ee° Bogies of all kinds for carrying light or heavy loads. 


_ General Engineering work of various kinds. 
) _ We shall be glad to quote against your 
_ requirements and specifications. 


B. THORNTON LIMITED 


Turnbridge, Huddersfield. Phone. Huddersfield 7541 
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ROBERTSON 


in SOUTH AUSTRALIA 


Photograph by courtesy of British Tube Mills (Australia) Pty. Ltd., Adelaide 


Four-High Reversing Mill for cold 
rolling steel strip up to 12} in. wide 
and up to 1,300 ft. per minute. 
Installed at the works of British 
Tube Mills (Australia) Pty. Ltd. 
rR W. H. A. ROBERTSON & CO. LTD. 


BESrCeR es - £HECL ARS 


LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS AND PLANETARY HOT MILLS AND HALLDEN FLYING SHEARS 
WT.335R 
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All types of dusts in steelworks are dealt with by Sturtevant 
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8 plants. Advanced forms of collectors of all kinds are em- 
e ployed, including Electrostatic Precipitators, Scrubbers, 
ed te Gj ; 

4 Cyclones and Textile Filters. Of skilful design and robust 
4 construction Sturtevant plants meet the most stringent 
4 collection requirements at a fully economic rate. Applied 
4 to a wide range of plant in the Industry they give reliable 
8 trouble-free service with high collec- 

a tion rates under rigorous conditions. seecinusys 

% The illustrations show parts of two Sturtevant abe 

& installations in steelworks. At top (right) are seen . : PE tag 04 RO 

= coke screens with hoods connected to ducting at For particulars of this type of plant PREUMATIC CONVENING 

$ John Summers & Sons Ltd., and above, cyclones apply to our reference Z/101/S. Binnaeyolerrmaange no 5 
= collecting dust from ore and limestone crushers, An ‘6PARATING 

4 screens and conveyors at the Cleveland works of CATHODIC PROTECTION 

is Dorman Long (Stee!) Co. Ltd. we 

2 


STURTEVANT ENGINEERING CO. LTD., SOUTHERN HOUSE, CANNON STREET, LONDON, E.C.4 


AUSTRALIA: STURTEVANT ENGINEERING CO. (AUSTRALASIA) LTD., MILLER ROAD, VILLAWOOD, N.S.W. 
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STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 


FINE SILICA CEMENT FOR 
SETTING SILICA BRICK 


< 


STIGNIC CEMENT FOR BASIC 
STEEL LADLES 


KILN CAPACITY OVER . 
1} MILLION BRICKS SPECIAL FIRE CEMENTS for all 
< purposes 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


< REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO.,LTD. 
KIDWELLY 


Telegrams :—STEPHENS, KIDWELLY Codes:—ABC iéth & Sth Editions 


Liebers & Marconi 
Telephone:—KIDWELLY No. 1 
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Metalkase * 


R.W. Brick) | > 


(REINFORCED WELDED) 





Suitable for every basic brick application, the Metalkase 
R.W. Brick is proving outstanding in performance in 
basic open hearth furnace roofs. It can be adapted to 
any type of roof construction, whilst in wall con- 
struction, R.W. Bricks can be used individually — 
preferably as headers— or they can be prefabricated 
into large sections to save installation time. 


R.W. Bricks offer 


1. Accuracy of size and shape. 























2. Speedy installation. 

3. Exceptional mechanical strength. 

4. Improved spalling resistance. Modern Sprung Roof in 

5. Flexibility of application to all forms of R.W. Brick showing hold- 
basic roof construction. up-down construction. 


THE STEETLEY REFRACTORY BRICK DIVISION 


CLEVELAND MAGNESITE ; OUGHTIBRIDGE SILICA | SWANN RATCLIFFE & CO. 
& REFRACTORY CO. LTD. FIREBRICK CO. LTD. (BRASSINGTON) LTD. 


P.O. Box No. 9, WORKSOP, Notts. Telephone: Worksop 3456 
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L. ROTHERHAM, M.Sc., F.inst.P., F.1.M., F.inst.F. 


LEONARD ROTHERHAM was born in 1913 and educated at the 
Herbert Strutt School, Belper, and University College, London. 

He graduated with first-class honours in Physics in the B.Sc.(Special) 
examination and received an M.Sc. degree in 1935 for research on the 
viscosity of liquids carried out under Professor E. N. da C. Andrade. 
He was elected a Fellow of University College, London, in 1959. 

His first industrial appointment was at the Brown-Firth Research 
Laboratories under the late Dr W. H. Hatfield, and this provided a wide 
experience relating to the physical and mechanical properties of metals 
and in particular on the creep of metals. After eleven years in 

Sheffield, he became head of the Metallurgy Department at the Royal 
Aircraft Establishment, Farnborough, at a difficult period when the 
Department was recovering from the rapid run down at the end of the 
war. He left behind a healthy department to join in 1950 the Department 
of Atomic Energy, later the Atomic Energy Authority. 

As director of research and development in the Production Group, he 
set up and controlled the large organization which was responsible for 
almost all the metallurgical developments involved in the Calder Hall 
reactors and the Dounreay Fast Reactor as well as many other major 
development activities in relation to the production plants. 

Mr Rotherham left this post in 1958 to become Member for Research 

of the Central Electricity Generating Board. He serves on the Councils of 
several Research Associations and on the General Board of the 
National Physical Laboratory and the Technology Sub-committee of the 
University Grants Committee. He is aiso a member of Council of The 
Institution of Metallurgists and The Institute of Metals. He delivered the 
Thirteenth Hatfield Memorial Lecture to The Iron and Steel Institute in 
London on 29 November 1960. 

































L. Rotherham, M.Sc., F.inst.P., F.1.M., F.inst.F. 
Thirteenth Hatfield Memorial Lecturer 


te 


THIRTEENTH HATFIELD MEMORIAL LECTURE 


The contribution of metallurgy to 
electric power generation 


L. Rotherham 


It was as a physicist that I entered the steel industry to work in the Brown~Firth Research 
Laboratories and my knowledge of metallurgy was acquired in great measure from associa- 
tion with that laboratory under the late Dr Hatfield. In a way, therefore, I can regard 
myself as one of his pupils and in the ten years preceding his death my daily work kept me 
in close personal contact with him. This is the first occasion on which the Hatfield Memorial 
Lecture has been presented by one as closely associated with his work as I was, and apart 
from the honour conferred on me by your invitation, the preparation of this lecture has 
stirred many memories of friends both old and new. It is, therefore, with very great pleasure 
that I have prepared this text. 

The first observations I made on the properties of steels related to the magnetic properties 
of steels for alternators, and later my great interest became heat-resisting steels. The early 


results of the latter studies were recorded in Dr Hatfield's well-known paper’ to the 
Institute of Fuel in 1938. It is almost a full circle to find myself in the electricity supply 
industry at a time when great advances are being made both in conventional and nuclear 
generation plant and when the selection of materials for high duty 1s of the utmost import- 
ance. Since I believe that the close association of metallurgists and design engineers is of 
paramount importance to the national prosperity, it is this subject which I wish to discuss 


SP ue ete PTR RN aT Se et 


in the context of electric power generation. 


THE ELECTRIC POWER INDUSTRY 


IN THE UK it is conventional to regard the heavy 
electrical industry in two complementary parts: the 
electricity supply industry ,and the electrical manu- 
facturing industry. The supply industry divides into a 
number of parts, the Area Boards and the Generating 
Board, but of these units only the Central Electricity 
Generating Board has a great and increasing interest 
in the development of new and improved metallic 
materials and the interest of the 12 Area Boards can 
be disregarded in the present context. The supply 
industry can therefore be regarded as a single inte- 
grated unit for the purpose of this lecture and this 
fact has a substantial effect on the course that engin- 
eering and metallurgical development has taken and 
can be expected to take in the future. 





Delivered at the Hoare Memorial Hall, Church House, West- 
minster, London, on 29 November 1960. 

Mr Rotherham is Member for Research of the Central Elec- 
tricity Generating Board. 


The supply industry can, however, be regarded in 
different ways. In a sense it is proper to consider it as 
@ process industry in which various forms of primary 
fuel such as coal, oil, and uranium are processed to a 
more convenient form of energy, i.e. electricity. 
Certainly many interesting metallurgical problems 
arise in the day to day operation of power stations. 
Alternatively the industry can be regarded as a trans- 
port system in which energy after conversion to a 
suitable state is distributed throughout the country 
through the transmission and distribution networks. 
However, it is the regular expansion in load and the 
consequent engineering design and construction effort 
needed to meet this expansion which make the in- 
dustry a focus for a developing technology. It is in 
association with the engineering development of an 
expanding industry that metallurgy finds its most 
profitable outlet. 

It is also in connexion with new construction that 
the close links between the supply and manufacturing 
industry arise. The manufacture of turbo-alternators 
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is, in the larger sizes, concentrated in a few firms and "because the engineering requirement pushes the 
as the size of units has tended to increase, so the metallurgist beyond his proven experience. Much the 
number of manufacturers has tended to fall. The same same attitude of mind should be adopted in con- 
process can be seen to some extent in the boiler- ventional power generation, and greater care and 
makers’ field where a tendency to rationalize the larger test programmes should be introduced with the 
industry by a reduction to fewer and larger groupings advance in engineering requirements. 
seems to be likely, and amalgamations have also taken There are special problems arising in nuclear energy, 


place in the nuclear consortia set up to build nuclear 
power stations. 

It is clear that the effect of the changing technology 
of the supply industry on the structure of the manu- 
facturing industry has been considerable, and similarly 
the effect will pass through to the steel industry and be 
reflected in a different pattern of demand in the future. 

These are important considerations, since the effect 
of metallurgical development on electric power 
generation depends on contributions from the supply 
industry, the manufacturing industry, and the steel- 
makers. Fortunately all three partners are strong 
technically, and in the electricity industry the metal- 
lurgist has been able in the past and will continue in 
the future to exert a powerful influence on the 
engineers. 

Since it is in engineering design and construction 
that the metallurgical industries and the electricity 
industries come together, it is here that the contribu- 
tion of metallurgy to electric power generation can 
best be seen, and I shall not therefore refer to opera- 
tions and transmission problems in detail although 
they are of great importance economically. 


NUCLEAR ENERGY 


It is necessary to say a few words about the peculiar 
problems of metallurgists in the nuclear energy field. 
Tn an earlier paper,’ I have dealt with this at greater 
length but the main points might be recapitulated 
here. 

In nuclear energy, the metallurgical problems may 
well be similar to those in conventional power genera- 
tion. This is particularly true of all the structural 
materials, and these problems are dealt with by the 
most careful selection of materials, vigorous testing 
and inspection, and detailed care during fabrication 
and construction. A wealth of experience in similar 
problems is available, but even so extra care is taken 
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since the fuel is itself a metal, and also because new 
metals such as niobium or beryllium have had to be 
produced. It is remarkable, however, to find how fre- 
quently technologies or experience already available 
in the ferrous and non-ferrous industries have been 
adapted to meet new requirements, although often 
more care and a good deal of research and develop- 
ment have been necessary in the adaptation. Similarly, 
I think that more could be done in conventional power 
generation to apply the same technique of research 
and development now used in the nuclear power 
industry, and by greater care we could introduce new 
materials more quickly into service. 


CHANGING DESIGN PATTERN 


The changes in the design of power stations which 
have been apparent in post-war years have been dic- 
tated by economic factors. Steam temperatures and 
pressures have been raised and the size of units has 
been increased. The same tendency existed before the 
war but has become accelerated in recent years. 

Figure 1 has been drawn to show the size and steam 
conditions for typical stations commissioned at differ- 
ent times over the last 40 years, and including new 
stations which will be coming into operation in the 
next five years. A logarithmic scale has to be used to 
cover an increase in size of over 30 to 1. Steam con- 
ditions have been increased from 650°F (344°C) and 
250 Ib/in? to the eurrent level of 1050°F (566°C) and 
2350 lb/in? and we can see this increasing still further 
to 1100°F (593°C) and 3500 Ib/in® by 1965. 

In this process of technological development pro- 
gress has been by discontinuous steps rather than by 
an obviously continuous process. For example, in the 
immediate post-war years a halt was called to further 
development so that a relatively standard type of 
boiler and turbo-alternator could be installed quickly 
to meet the deficiency in plant caused by wartime 
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2 Coal-fired plant ; variation in costs with steam conditions 


conditions. These were mainly 60 MW units of a good 
level of efficiency, operating with steam temperatures 
and pressures of 900°F (482°C) and 900 Ib/in®. 

Although these steps will tend to exist in future 
there is no indication that the upward trend in tem- 
perature will not continue for many years to come. 
The effect of this trend is to reduce the operating cost 
of a station by increasing the thermal efficiency, but 
it is often overlooked that at the same time the 
capital cost for a given capacity may be increased. In 
a recent paper with my colleagues Hinton and Brown? 
this problem has been examined in general terms: 
assuming a fixed size of set of 275 MW the result 
shown in Fig.2 was obtained. It is expected therefore 
that the increase in thermal efficiency for a particular 
set size will only be gained at a higher capital cost. 

At the present time, and for a set size of 275 MW, 
low thermal efficiencies would not be acceptable and 
it will be seen that a more complicated thermodynamic 
cycle using reheat is worthwhile. The exact efficiency 
worth striving for depends, however, on the balance 
between capital costs and operating costs for new 
stations, and it is easy to see that a substantial in- 
crease in fuel costs would justify a modest increase in 
capital charges to give increased thermal efficiency. 

Fortunately, the increase in capital cost due to 
increased operating temperatures can be more than 
offset by the economies that can be achieved by 
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3 Coal-fired plant: probable economic design points for future 
plant at various load factors 


increasing the size of sets, and it is possible therefore 
to draw a series of curves similar to those of Fig.2 for 
different sizes of set, which show the same trend for 
each size of set but with the larger sets always the 
cheaper. If we assume that certain sizes could be 
constructed at different times in the future, and also 
that fuel costs can be expected to rise only slowly, then 
we can forecast the probable economic design points 
for future stations. 

This is illustrated in Fig.3 taken from the paper by 
Hinton et al.* The probable load factor can be assessed 
and will lie in the region of 50°%, throughout the whole 
life of the plant, so that we can obtain from such a 
curve a fairly clear idea of the type of plant we should 
plan to install over the next 15 years. 

For comparison with these figures it is perhaps 
worth noting that in 1959-60, a station commissioned 
in the previous year achieved a thermal efficiency in 








TABLE | Alternators 
Rotor End rings 
Commis- Core Core Weight 
sioning Output, length, dia., Core material, YP (including 
Station date MWI in in and UTS, tons/in* shaft),tons Material, YP and UTS, tons/in*? 
Leicester LP 1929 25 120 35 Carbon steel] 20/40 21 Magnetic Cr—Mo steel, 58/70 
Littlebrook ‘A’ 1939 30 107 34 Grade 2 carbon steel 16 Austenitic steel, cold worked, 50/60 
20/40 
Poole 1951 50 165 37 Carbon steel with 30 Austenitic steel, cold worked on a mandrel, 
5%Mo 22/40 45/52 
High Marnham 1959 200 180 40 Cr-Mo steel 33/43 40 Austenitic Mn—Cr 
steel 57/67 


Thorpe Marsh 1963 550 
(2 x 275) 
Drakelow *C’ 1964 375 


3%Cr-Mo-V 33/43 56 
Cr-Mo steel 33/43 


Water quenched, cold 
worked by the wedge 
Austenitic Mn-Cr | ¢*Pansion method 
steel 57/67 


Austenitic steel 
per m/e 
58 
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TABLE If Boilers 








Ww — of alloy 





Steam conditions Total weight of es of alloy steel as % of 
Commissioning Boiler capacity, pressure parts, sone in pressure total weight of 

Station date Ib/h Pressure, Ib/in? Temp., °F tons pressure parts 
Leicester LP 1930 120000 350 7560 140 Nil 
Littlebrook ‘A’ 1940 255000 625 825 210 Nil e. 
Poole 1950 340000 950 940 337 31 9 2 
High Marnham 1959 1400000 2450 1060 1796 458 26% 

1005 R 
Thorpe Marsh 1963 3900000 2300 en 3577 1157 32% 

1050 
Drakelow ‘C’ 1964 2500000 3500 1100 1708 908 53% 

1050 R 





excess of 34%. Obviously we believe that a 350-MW 
set installed to operate from 1964 onwards will give 
better than 354% thermal efficiency, an increase of 
1-1}4% in six years. A further increase of about }% 
which the figure would require in set sizes of about 
600-MW capacity seems a reasonable target to aim for 
between 1965 and 1970. Obviously the object of 
further research and development would be to do this, 
or even better, for the capital cost indicated. 

The net cost of power plant is tending downwards, 
due mainly to the economies made when the size of 
the unit is increased. In fact the larger sizes of unit 
require less metal per kilowatt of capacity than do the 
smaller. This is indicated by Table I which gives the 
size of rotor fo for alternators of different 
capacity. It will be seen that the size of the rotor shaft 
does not increase pro rata with the capacity, although 
in the most recent sizes they are becoming quite large 
forgings. There is obviously a point where in 
size could take the forging beyond the capacity of 
existing manufacturing plant and, since only a small 
number of these large units are needed each year, it 
might be uneconomical for the forgemaster to intro- 
duce new plant. Until this happens however, it is sub- 
stantially true that a single large forging will be 
cheaper than many smaller ones. 

We have seen from the curves that although 
increasing size is reducing capital costs, increasing 
efficiency tends to raise them. The reason for this is 
that as the temperature and pressure of the steam is 
increased new materials have to be introduced. This is 
illustrated in Table II which gives data for actual 
boiler installations. The important components are the 
pressure and it can be seen that the proportion 
of alloy steel to carbon steel has increased from zero to 
well over 50%, and furthermore the complexity of the 
alloy steel has increased correspondingly. For instance 
in stations o ing at a steam temperature of 
1000°F (538°C) or even 1050°F (566°C) low-alloy 
steels of the 2}°,Cr—Mo type might be permissible, but 
it is difficult to see how temperatures much in excess 
of this will be achieved without the use of austenitic 
steels in the high-temperature boiler parts, the steam 
piping, and to a smaller extent in the high-pressure 
turbine. This alone will introduce some very interesting 
metallurgical problems. 

Before leaving the question of the changing pattern 
of design it is possibly worth noting that the methods 
of designing pressure vessels and other components 
operating under creep conditions have changed with 
the passage of time, and this also affects the material 
requirements and metallurgical development. His- 
torically, it is true to say that before about 1930 
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various formulae were available for the design of com- 
ponents, largely to meet the requirements of the 
insurance bodies or to give a good face to a Board of 
Trade enquiry in the case of accident. This was essen- 
tially an extension of design theory based on elasticity 
rather than plasticity, and the Hatfield Time Yield,* 
and the Barr—Bardgett type of test® were attempts to 
replace the proof stress of elastic theory by a stress 
which included a creep component. They became 
largely out-moded by the studies of Bailey,® but 
whereas he provided a much more satisfactory design 
theory it did not have adequate support in experi- 
mental data and for many years the Time Yield and 
Barr-Bardgett data had to be used because no better 
data were available. Even today only inadequate 
design stress test data are available, and the extension 
of creep testing facilities at the Electrical Research 
Association, which has been arranged co-operatively 
between the electrical industry, the steel industry, the 
boiler makers, and pipemakers, is long overdue. This 
is only one field where the national effort could be 
strengthened and where more work is necessary. 

As the technique of design becomes more precise 
we shall need to impose greater care on the repro- 
ducibility and uniformity of materials and fabrication 
methods so that the great advantages of precise design 
can be obtained. We ought to proceed not through 
learning from our failures but by understanding of our 
techniques and our materials. This will need a great 
deal of study and development. 

Finally, there is at present some argument on the 
basis for the selection of design stresses for pressure 
vessels. On the whole British methods are conservative 
although in the range where creep is a dominant factor, 
higher stresses are permitted than are customary in, 
for example, German practice. Conversely, German 
methods permit higher stresses at low temperatures 
since they are prepared to adopt a yield stress criterion 
against our use of an ultimate tensile stress criterion. 
The present effort devoted to creep testing in Ger- 
many will, in my opinion, lead them to accept stress 
levels comparable with the British and we should be 
wise to look at the lower temperature range to see if 
we could accept the higher stresses current in German 
practice. This would lead to the two design codes 
coming closer to one another but at higher stress 
levels than at present, and once again this emphasizes 
the need for greater care and a closer collaboration 
between the metallurgist and the design engineer. 


MATERIAL REQUIREMENTS 


A brief summary of the design trends would be to say 
that future requirements will need a continuation of 
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the developments we have seen in the past. These have 
been seen to be a use of materials in larger sizes and 
operating under conditions which approach more 
closely to their limits of capability. In the case of 
power plant this is sensible. There is no doubt that 
plant has been built in the past with an expected oper- 
ating life of 100000 h when in fact two or three times 
that life might have been a more reasonable prediction 
of the true life. With a progressive trend in design this 
is uneconomical, and it is better to design closely to 
the expected life with a slight chance that it will fall 
below 100000 h, to, say, 70000-80000 h since in the 
later part of the life of the plant it is relatively un- 
economical to operate compared with newly installed 
equipment. 

In the past whatever the design criteria adopted, the 
metallurgical industries have generally been able to 
meet the engineering need and in part this has been 
because other requirements, for example, in the 
chemical industry and in gas turbines, have imposed 
higher temperature requirements than those of the 
supply industry. 

Before 1934 the sets installed were small and 
operating at low temperatures. The Generating Board 
still owns 387 generating sets over 25 years of age, all 
with steam temperatures below 900°F, and of these 
only four have a capacity exceeding 60 MW; whereas 
in the year ending 31 March 1960, 28 new turbo- 
generators were installed, and except for one unusual 
case all exceeded 60 MW capacity, the largest set at 
present running being 200 MW. In only the one 
exceptional case was the steam temperature below 
900°F (482°C), and the highest temperature was 
1050°F (566°C). 

The smaller sets operate at lower stresses and 
temperatures and it is a fair statement to say that 
before 1934 carbon steels could meet all the needs. 
These steels are limited in their high-temperature use 
by creep, and for reasonable stress levels can be 
regarded as unserviceable at temperatures in excess of 
850°F (454°C). Even in 1935 Bailey* pointed out that 
the improved properties of 0-5°% molybdenum steel 
showed a considerable improvement over carbon steel. 
Molybdenum steel can be assessed as giving a service 
temperature of 950°F (510°C) for the same stress levels 
as prevail in carbon steel at 850°F (454°C). A material 
with these properties might be regarded as suitable for 
service in the power stations of even the post-war era 
which, as I have said, included many stations operating 
at only 900°F (482°C). However, as is well known, it 
proved to have a grave defect in having a very low 
ductility under creep conditions that led in certain 
cases to premature failure. 

Alternative materials were available when the 
limitations of 0-5°Mo steel were revealed; in particu- 
lar molybdenum—vanadium and chromium—molyb- 
denum steels have been used extensively. Perhaps the 
extended studies of Glen’ of these materials should be 
noted here since they give a reasonable basis for 
comparison between experience and laboratory tests, 
which is important. His work appeared in print after 
the war but an early use of chromium—molybdenum 
steel containing 0-8%Cr and 0-5%Mo was in the 
Brimsdown ‘A’ power station commissioned in 1938, 
with the very advanced steam conditions for that 
period of 1900 Ib/in? and 930°F (499°C) at the turbine 
stop valve. We have recently been able to make a 
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TABLE Ili History of superheater tube failures at Brimsdown 








Total running hours No. of tube failures 
Year no.l boiler no.2boiler no.l boiler no.2 boiler 
1938 Boilers commissioned 

No failures in the period 1938-1949 inclusive 
1949 51520 51441 
1950 57090 57 367 1 
1951 62316 62623 2 
1952 68358 68 766 I 4 
1953 74341 74729 1 3 
1954 79910 80017 4 6 
1955 85602 85 308 5 8 
1956 90 136 89 450 1 5 
1957 94707 93 766 3 4 
1958 97043 96994 1 5 
1959 99796 99 146 2 1 





detailed study of the history of these materials after 
20 years’ service and can assess the deterioration in 
properties and the limiting service conditions with 
greater accuracy than was possible from laboratory 
tests alone. 

The history of the twe boilers in question is that 
they were commissioned in 1938 and no failures of 
superheater tubes were recorded in the first 11 years 
of operation. In 1950, after about 57000 h of running, 
a tube failure was recorded on no.2 boiler and failures 
were recorded on this boiler each year to 1959 when it 
had reached 99000 h running time. The first failure 
listed on no.1 boiler was in 1952 after 68000 h running 
and again failures were observed in each year until 
1959. This experience is shown in Table ITT. 

The failures observed in the period 1955-7 were 
sufficiently troublesome to make it worthwhile to 
renew the convection superheater and steam outlet of 
both boilers, and this renewal was made in 1959. This 
provided an opportunity for an extensive study to be 
made into the service conditions and the change in 
properties of the steel. This study included the follow- 
ing items: 

(i) measurement of metal temperatures during the 
last six months of superheater service 

(ii) microstructural examination and stress-rupture 
tests on samples removed in 1958 before the 
last six months’ service 

(iii) microstructural examination of many tubes and 

header samples taken on dismantling 

(iv) further tests of creep properties and stress- 

rupture properties on samples selected on the 
basis of structural changes determined under 
(iii). 

There is no need here to describe the design of the 
superheater in detail, but the convection superheater 
with which we are concerned can be regarded as con- 
sisting of two horizontal banks of tubes which for 
convenience we call the upper and lower tube banks. 
Thermocouples were inserted into the tube banks and 
the superheater headers of no.2 boiler, and observa- 
tions continued for about six months in early 1959. 

The highest temperatures recorded are shown in 
Table IV and from this it will be seen that throughout 


TABLE iV Maximum temperatures recorded 





Maximum temperature 
°C °F 





Position 

Bottom of lower bank 548 1018 
Bottom of my Dt 585 1085 
Top of upper k 589 1092 
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4 Microstructure of underside of tube TT8 


the tube banks, temperatures in excess of the design 
pag cogs were recorded. Perhaps just as important 
as temperature is the time spent in the higher 
ranges, and in this connexion it is worth noting that 
the lower tube bank operated mainly at or near the 
design temperature or lower, with only occasional high 
temperature readings, but on the upper tube bank 

ings showed metal temperatures above the design 
temperature of 930°F (499°C) for over 70% of the 
time of observation and even above 1050°F (566°C) 
for a than 5% of the time; 5°% of 99000 h is nearly 
5000 h. 

The temperature variations from point to point in 
the superheater are considerable, as are the times spent 
at the higher temperatures, but the results obtained 
can be no more than indicative of the probable con- 
ditions prevailing in the boilers. Observations show 
that the metal temperature varied according to 
whether the thermocouple on a particular tube was in 
a position facing the furnace gas stream or sheltered 
from it, and considerable variation in microstructure 
was observed along the length of a single tube. 
Whether this should be attributed to slight variations 
in temperatures over long times, or whether fluctua- 


NEW TUBE Oo 
TTs x 
BTS a 
& 
4 


STRESS, TONS/IN® 


TOP OF BBS 
UNDERSIDE OF BBS 


1 
TIME TO FRACTURE, h 
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5 Microstructure of underside of tube BT9 


tions in temperature with high temperature peaks for 
short times would have bigger effects, is uncertain on 
the data available from this study alone. What is more 
certain is that the change in microstructure can be 
correlated with a change in stress-rupture properties 
of the material. 

Two typical microstructures of tubes after service 
are shown in Figs.4 and 5. The first of these refers to a 
tube identified by the number TTS: this was a top tube 
in the upper bank and was in service for 97000 h. The 
second, identified as BT9 is from a bottom element in 
the upper tube bank after the same service life. In both 
cases the service temperatures could only be inferred 
from the data obtained which would suggest that the 
bottom element BT9 was subjected to greater fluctua- 
tion in temperature and a longer period at tempera- 
tures both in excess of 1050°F (566°C) and below 
950°F (510°C) than the top element TTS. 

This is consistent with the differences in micro- 
structure. There is undoubted spherodization of the 
pearlite to be seen in Fig,4, but this is less pronounced 
than in Fig.5. In both cases changes in composition of 
the carbides are to be seen, and in the bottom tube ele- 
ment some recrystallization of the ferrite had occurred. 


6 Relationship between stresses and time to 
fracture in tests on tubes TT8, BT9, and BBO 
at 1050°F 
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The change in strength properties associated with 
the change in microstructure is indicated in Fig.6. 
For comparison, data are given on a new tube and on 
a replacement tube BB9 which was tested after 7000 h 
service The position of this tube was in the bottom 
lower tube bank and the microstructure showed 
spherodization p ing on the lower side of the 
tube but not visible on the top of the tube. The results 
shown relate to spherodized material from this tube 
and the data seem to be fairly conclusive. 

We can conclude that the deterioration in proper- 
ties is associated with the change in microstructure 
and that some part of the change in structure occurs 
in an early part of the service life. In exceptionally 
severe conditions more progressive deterioration will 
occur giving a further reduction in rupture strength. 
The question we now have to answer is whether the 
changes are important. 

This is answered by considering the stress levels 
involved. The nominal value of the average stress in 
the tube calculated on the thin cylinder formula is 
3-8 tons/in*. Figure 6 shows that at 4-0 tons/in®, in the 
acutely spherodized state, failure can occur in less 
than 6000 h at 1050°F (566°C). To make the matter 
more conclusive we can also record that the thinning 
of the tube wall by external corrosion amounted to as 
much as 12%, giving a nominal stress of more than 
4-0 tons/in?, while the temperature records show that 
for the severely spherudized tube it had probably spent 
more than 5% of its life (i.e. more than 5000 h) at 
temperatures in excess of 1050°F (566°C). 

The evidence therefore shows that these failures 
were due to a combination of circumstances, mainly 
corrosion, temperature fluctuation, and excessive 
temperatures, and if these could be minimized, good 
service could be expected from the Cr—Mo steel used 
in the Brimsdown boilers. 

Similar investigations have been made on other mater- 
ials of course, and further work will continue at Brims- 
down on the replacement materials in the superheater. 

The advantages to be gained by the use of later 
steels such as 2}%Cr—Mo or 4$%Mo-V, or even Cr— 
Mo-V types, in part, can be attributed to a change in 
performance owing to better rupture strength, better 
corrosion resistance, or, most likely, to greater stability 
of properties and structure compared with simpler 
alloys. On the whole, most service needs can be met 
for temperatures below 1050°F (566°C) using these 
low-alloy materials, but clearly oxidation resistance 
alone, is beginning to rule them out for any higher 
temperatures and more highly alloyed steels will be 


necessary in future. 


FUTURE NEEDS 


We have already seen that in general the power plant 
needs have been met by materials that were available 
before the design requirement arose. Increasingly we 
can expect that the materials developed for use in 
high-temperature machines such as gas turbines will 
find application in steam power plants. With this in 
mind, certain power stations have incorporated 
austenitic steels in, for example, the superheaters and 
steam pipes, although the service temperatures of 


1050°F (566°C) could equally well have been met by 
ferritic steels. This has proved to be a valuable experi- 
ment since certain difficulties in the use of austenitic 
steel have been exposed. 
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The steel initially chosen for installation in three 
power stations in this country was the composition 
18%Cr-12%Ni-1%Nb which is well known to com- 
bine good high-temperature creep and corrosion 
resistance. It has been extensively used in pressure 
vessels for the chemical and similar industries and a 
great deal of fabricating experience is available from 
the nuclear chemical plants and elsewhere. The 
installation of this material for power station use was 
begun in 1954 and continued until 1959. Some troubles 
were experienced as early as December 1955 when 
routine inspection of butt-welded joints on a main 
steam line revealed cracks. A complete inspection on 
all the main steam lines using this material was 
instituted and nine joints in all were found to be 
cracked. A programme of annual inspection of steam 
pipe joints was introduced and further cracks have 
since been revealed. The incidence of cracking has 
been reduced by better fabrication methods but it is 
not yet completely eliminated. 

Later experience in the superheaters has confirmed 
that cracking can occur in the 18-12-1Nb steel. 
Cracks were observed in superheater stub tube welds 
in 1957 and 1958, and some cracking has been pro- 
duced even before the superheater components have 
been effectively placed in service. On the other hand, 
satisfactory steaming for periods in excess of 20000 h 
has been obtained in other cases, so that even in 
material which may have cracked, or been near to 
cracking, as fabricated, it is possible that it was not 
far from being satisfactory for use. 

A very careful study of the type of failure experi- 
enced has been made® and it has been shown that the 
cracks are confined to the heat-affected zone and do 
not occur in the weld metal or in the unaffected parent 
metal. Both in the laboratories of the Central Elec- 
tricity Generating Board and elsewhere evidence has 
been obtained to show that in the region of the cracks 
the microstructural changes indicate that niobium 
carbide may be dissolved during welding and then 
precipitated during cooling or in post-weld heat treat- 
ment. A critical dispersion of the precipitate may leave 
a band of material of low ductility near the weld metal 
which may crack at low strains arising from service, or 
even from the relief of thermal stresses. 

A knowledge of the mechanism of the process has 
led to revised fabrication methods which are likely to 
give satisfactory performance in service, but it must 
be admitted that the 18-12—1Nb steel although resist- 
ant to creep does not have a high ductility at fracture 
in long periods, and alternative materials have been 
sought. 

One such material which has been recommended in 
the USA is the austenitic steel containing 17°%Cr- 
10%Ni-2%Mo. This has a resistance comparable 
with that of 18-12~-1Nb and apparently a considerably 
better ductility, but there is little operational experi- 
ence in power plant in this country to show that it will 
be completely satisfactory. If it is, then it is probable 
that we can assume that materials are available which 
will permit steam temperatures to be raised at least to 
1150°F (621°C) and perhaps to 1200°F (649°C) with- 
out too much difficulty. 

I think that this is a case where we can see clearly 
the way in which a design need can be met and it may 
be as near to a successful solution to the problem as 
the use of Cr—Mo steel at Brimsdown was. However, 
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the failures at Brimsdown were due to a combination 
of circumstances and the near success was largely for- 
tuitous. I do not think we can take such risks with 

, and more elaborate assessment of materi- 


SONCLUSIONS 

Although the examples used for illustration are merely 
related to boiler and steam pipe problems, it can be 
assumed that the same general considerations apply to 
materials problems in the turbo-alternator, gs gla 
different way to transformers, switchgear, aiek eine 
components. In every case the design of components 
is becoming more precise and to meet the ers’ 
needs, a more accurate knowledge of the materials of 


construction is . It seems inevitable that the 
trend of design to give plant of higher thermal efficien- 
cies will continue and for some time yet we can expect 


an increase in size in individual units of plant. Both 
these Pacpesa will tend to impose continuing metal- 
— problems. 

e shall not, in future, be able to risk using new 
materials in service until extensive laboratory and 
even pilot plant studies have shown the risk is slight. 
To put this in ive we can note that a 500 MW 
unit boiler turbo-generator installation will have 
a capital cost of about £20 m. m. and the units of produc- 
tion lost in a single day of outage might be sold for 
say £50000. We ought, therefore, to be giving much 
— attention to devising the materials which will 

necessary for the designs evolving for plant to 
be ordered in future years, and to establishing pro- 
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cedures which will indicate that the materials selected 
will be sati . This is a question which will 
require the collaboration of the metallurgical indus- 
tries as well as the electrical manufacturers, the boiler- 
makers, and the electricity generating industry. For- 
tunately there is already a good spirit of collaboration 
and in all the industries there is a tradition of close 
association between designers and metallurgists. 
In passing we should note the important part to be 
yed by the plant operators. There is a strong proba- 
bility that, with closer design methods and materials 
stretched to the limit of their capacity, both of which 
are necessary for maximum economy, the operators 
will have to maintain even closer control of very large 
and complicated installations. For this purpose they 
will need to be supported by the best modern aids and 
research on this is, of course, p all the time. 
Personally, I have no doubt that we shall continue 
on the path now being followed. We should succeed in 
increasing the thermal efficiency of our stations and by 
the trend to increased size of unit this should be 
achieved without any substantial increase in capital 
cost and indeed probably at lower capital cost. 
Although the complicated and costly but highly 
efficient unit of the future will need close operating 
control this also should be achieved. This is our hope 
since it is largely the definition of an efficient industry. 
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Application of aerodynamic design to 


the ‘U-fired’ soaking pit 


d. H. Richards, D. K. Griffiths and C. W. Sidwell 


AS PaRT of a facility modernization programme at the 
United States Steel Corporation’s South Works plant 
in Chicago, soaking pits were designed for a new 
primary-mill installation. The South Works engineer- 
ing staff conceived a pit design that has become known 
as the ‘horizontal U-fired soaking pit’ because the 
combustion gases enter and leave the pit chamber at 
the same side and travel through the chamber in a 
U-shaped path. 

The pit is a regenerative type, designed for the 
combustion of blast-furnace gas having a heat value 
of 88 Btu/ft®, or for enriched blast-furnace gas having 
a heat value of 165 Btu/ft*. The regenerators with 
ejector-type stacks were designed by Isley—~Morgan. 
The regenerators are placed outside the existing build- 
ing structure and are connected with the soaking pits 
by well insulated ducts. The entire regenerator struc- 
ture is steel-cased. 

The mill and attendant soaking-pits were to be 
installed in an area occupied by an existing mill. 
Neighbouring mills and nearby service facilities 
severely limited the available construction area. The 
horizontal U-fired soaking-pit design permitted the 
installation of two rows of pits in the available area 
with what appears to be a minimum of expense for 
cranes and building. A single ingot-buggy track was 
considered sufficient to assure prompt ingot delivery, 
whereas two tracks would have been required for one 
long line of soaking pits. The high utilization of build- 
ing space for hearth area minimized the span required 
for the ingot crane. The regenerative soaking-pit 
design allowed for the firing of 100% blast-furnace 
gas. Since the maximum attainable flame tempera- 
ture of blast-furnace gas, even with the anticipated 
preheat air temperature, is relatively low, port mark- 
ing of the ingots was not expected. 

eat transfer in a soaking pit fired with low- 
calorific fuel is principally by convection. This type of 
heating requires high and uniform velocities of the hot 
combustion products around the ingots. Questions 
were raised about the flow of gases through the pit 
chamber. For example, a iable ‘short circuiting’, 
i.e. flow of gases directly the firing port to the 
exhaust port, would have limited the efficiency of the 
soaking pit. As a result, the potential of the furnace 
design was studied in two research investigations: 
Manuscript received 4 October 1960 
The authors are with the Applied Research Laboratory of the 
United States Steel Corporation, Chicago, U.S.A. 





SYNOPSIS ‘ 

The ‘U-fired’ soaking pit, of a regenerative type, was 
designed for the combustion of blast-furnace gas. The 
regenerators with ejector-type stacks outside the building 
structure conserved limited building space and facility 
requirements. A laboratory investigation in which flow 
models were used to study the aerodynamic characteristics 
of the design showed a favourable flow pattern insensitive 
to ingot placement. Operation of a mock-wp pit con- 
structed by modifying two neighbouring through-fired 
soaking pits confirmed the flow-model evaluation, with 
small differences in ingot temperature and a small pit- 
time/track time ratio. Investigations of a modified U- 
fired soaking pit by means of flow models demonstrated 
the dependence of flow pattern on firing-port size and 
burner design. Present operation of the U-fired soaking 
pits are described. 1912 





(a) a laboratory investigation of the aerodynamic 
characteristics of the design with flow models, and 
(b) a plant investigation with a mock-up pit con- 
structed by removing the wall between two neighbour- 
ing through-fired soaking pits and blocking off two 
adjacent ports. 

The first engineering drawings used to construct a 
model for flow studies showed a rectangular pit 
chamber with two firing ports on one of the long sides 
(Fig.1). Fuel was introduced horizontally, and com- 
bustion air was introduced from the bottom into the 
port. The use of ejector-type stacks and remotely 
located regenerative chambers stems from the original 
conception of the design, although they were not 
incorporated in the first flow model. 

The model was constructed of transparent plastic to 
1/24 scale (Fig.2). The pit chamber was so constructed 
that it could be raised or lowered with respect to the 
ports. Ingots were simulated by plastic blocks bolted 
to the bottom of the pit chamber. 

Furnace gases were simulated with water labelled 
with polystyrene plastic beads. The water was 
supplied by a circulating water system, which included 
a 1}-hp pump, a 90-gal tank, and variable area flow 
meters, mounted as a self-contained unit on a portable 
table as shown in Fig.3. Reynolds number in the up- 
take and the downtake and burner momentum were 
used as the similitude criteria. 
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Section A-A 


1 Water model of the original design of the horizontal U-fired 
soaking pit 


Observation of flow patterns 


The flow patterns were observed visually and photo- 
graphically, the study techniques having been de- 
veloped previously on OH flow-model investigations. 
The model was illuminated by means of two high- 
intensity lights, the beams of which were diaphragmed 
into a slit of light.-Only the flow patterns in the pit 
chamber were examined in the study of the first flow 
model. Various ingot placements were studied, and the 
flow around each simulated ingot was carefully 
examined for flow velocities that would be conducive 
to good convective heating. Good flow distribution 
through the pit chamber was found for all ingot place- 
ments tried. 

Figures 4 and 5 illustrate some of the types of 
observations made. Over 400 photographs of the flow 
patterns were taken in the course of the study. Figure 4 
shows the flow pattern at an elevation equivalent to 
42 in above the coke breeze in the U-fired pit charged 
with eight simulated 34 in x 34 in x 105 in ingots. The 
firing port is at the lower left. The streaks are fairly 
uniform in length (except in two or three regions 
between ingots); this indicates a good flow pattern. 
Regions of little or no flow are indicated by small 
spots, whereas regions of high flow velocity are indi- 
cated by long streaks. 

Figure 5 shows the flow pattern at the same eleva- 
tion in the pit with a charge of six simulated 30 in x 
56 in x 90 in ingots. Again, uniformity of streak length 
throughout the pit chamber indicates a good flow 

ttern. Figure 6 is a diagram of the flow in the soak- 
ing pit typical of the results of the study as prepared 
for engineering analysis. 

Since the flow-model study showed a good flow 
pattern for the soaking pit, a plant investigation with 
a mock-up pit constructed from two neighbouring 
through-fired soaking pits was initiated. The flow 
pattern was examined in the water model with an arch 
across the centre of the pit chamber to simulate the 
chamber of the mock-up pit. No appreciable effect of 
the arch was observed in the flow model. 

The investigation with the mock-up pit was carried 
out by means of a designed (orthogonal) experiment. 
The following factors were controlled as closely as 
possible: 
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2 Water model used in flow studies 


Low value High value 

Fuel rate 14x 10° Btu/h 17x 10° Btu/h 
Heat content of 

the gas 90 Btu/ft*® 165 Btu/ft® 
Reversal time 6 min 12 min 
Track time 2$h 5h 
No. of ingots 

charged 8 10 


The dependent variables were 

Btu/ton from charge to ready to roll 

Temperature differences in pit at ready to roll 

Total heating time 

The data obtained with the mock-up pit were very 
promising. Only track time proved to be a significant 
independent variable affecting both Btu per ton of 
charge and total heating time. The insensitivity of the 
pit to the other variables indicated that a stable and 
uncritical pit had been attained. The average tempera- 
ture difference between ingots at ‘ready to roll’ was 
14°F (7-8°C) as measured by an optical pyrometer. 
Only two of the total 144 ingots showed port marks. 





3 Water-circulating equipment used in soaking-pit flow studies 
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4 Flow pattern in model charged with square ingots. Firing 
port is at lower left 


The thermal input required to heat the ingots was 
increased by 66°, and the heating time was increased 
by 51% when the track time was increased from 2} to 
5 h. The small differences between ingot temperatures 
and a small pit-time/track-time ratio strongly recom- 
mended the design. 


Revised design 
By the time two research investigations were com- 
pleted, the pit design had been modified to accommo- 
date structural changes. Horizontal checkers were 
placed in the long ducts between the regenerators and 
the pit chambers to increase the air preheat tempera- 
tures (Fig.7). The firing-port structures were elimin- 
ated and replaced by venturi sections, in which the 
fuel was introduced from a slot in the side. The port 
openings into the pit were appreciably reduced in 
width. The size of the pit chamber was decreased 
slightly, and the walls were bowed for structural 
strength. 

Because the changes in the design might adversely 
affect the performance of the pit, and because further 





5 Flow pattern in model charged with slab ingots. Firing port is 


at lower left 
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development might adapt this type of soaking pit to the 

ing of high-calorific fuel, further study of flow 
models of the revised design was desirable. The new 
model incorporated both vertical and horizontal 
checker chambers, and is shown in Fig.8. 

Simulation of the gas flow ir this model was again 
based on Reynolds number in the port sections. Since 
simulated firing rates of 17 x 10* Btu/h and 30x 10° 
Btu/h caused no apparent difference in flow pattern 
other than absolute velocity, our similarity criteria 
were assumed to be adequate. The ratio of fuel- 
stream momentum/air-stream momentum was made 
equal to that of the prototype. 

Three standard ingot sizes were simulated in various 
charging placements for the flow-model studies. In 
general, flow in the revised design (Fig.9) was more 
irregular than in the original design. There was high- 
velocity flow around the perimeter of the revised 
design for all charging patterns in which a rectangular 
array of ingot positions was used. Movement in the 
centre of the pit was sluggish. Short circuiting, i.e. flow 
directly from the firing port to the exhaust port, was 
decreased slightly, but accentuation of the impinge- 
ment of the simulated combustion gases on the ingots 
in front of the ports increased the potential for port 
marking of critical grades of steel. Figure 10 shows the 























Section B-B 
7 Diagram of water model of revised design 
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8 Water model of-revised design used in flow studies 


flow pattern when the pit was charged with slab ingots. 
The genera! flow characteristics of the revised design 
did not appear as favourable as those of the original 
design. 

The flow study of the revised design included the 
problem of determining the most advantageous oper- 
ating condition or the changes in design necessary to 
obtain the flow characteristics required for good con- 
vective heating. The most obvious difference between 
the two soaking-pit designs was the difference in the 
size and width of the ports. The cross-sectional area of 
the ports in the revised design was about 70%, of that 
in the original design. This partly accounted for the 
high-velocity flow around the perimeter of the pit 
chamber. 

Various ingot-charging placements were tried in the 
model. These included many oblique placements of 
the slab ingots in front of the ports to provide a better 
distribution of flow (Fig.11). The better flow patterns 
were found to be critical to the alignment of the ingots 
and could not be considered practical. 

The fuel port in the venturi of the revised soaking- 
pit design was another feature that was carefully 





9 Flow pattern in model of revised design charged with square 
ingots. Firing port is at lower right 
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10 Flow pattern in model of revised design charged with slab 
ingots. Firing port is at lower right 


studied. The fuel port, a slot in the side of the venturi 
wall, was preceded by a right-angle elbow because the 
fuel was distributed from a gas main below the 
furnace. 

The model was adapted for the introduction of 
compressed air into the simulated fuel stream as a 
tracer. The venturi section of the model was enclosed 
in a small plastic box filled with mineral oil, which had 
an index of refraction similar to that of the plastic. In 
this manner, visualization of this particular portion 
of the model was greatly improved. 

The effect of the right-angle elbow adjacent to the 
burner slot can be seen in Fig.12, which shows photo- 
graphs of the flow pattern in two horizontal planes 
through the venturi and combustion zone. Because of 
this right-angle elbow in the fuel line, the fuel stream 
is thrown to the top of the burner slot, and little or no 
fuel gas is directed into the lower portion of the 
venturi. Since the fuel gas is directed outward from 
the side of the venturi nearest the centreline of the 
soaking pit, the burner momentum tended to be a 
major cause of the high-velocity flow around the 
periphery of the soaking-pit chamber. The extent of 


11 Flow pattern in model of revised design charged with slab 
ingots arranged obliquely. Firing port is at lower right 
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Horizontal plane through (a) bottom and (b) top of venturi 
section 
12 Model of venturi section and combustion chamber, revised 


design 


this effect was not noticeable when the simulated fuel 
stream was shut off so that the flow pattern of the 
simulated air alone could be observed. 

Several burner arrangements were tried in the mod- 
els. First, the right-angle bend before the burner slot 
was eliminated. Moving the burner slot from the wall 
of the venturi nearest the centreline to the outer side 
wall improved the flow pattern in the pit chamber by 
increasing the flow velocities in the centre portion of 
the pit chamber. 

An annular burner consisting of six round ports 
equally spaced around the venturi section was the 
next burner design studied. With this burner arrange- 
ment, mixing begins at the fuel nozzles, and the fuel 
was distributed throughout the combustion chamber, 
as indicated by the dispersion of air bubbles in Fig.13. 
The mixing of fuel and air and the flow pattern in the 
pit chamber were improved. 

The results of the investigation of the revised 
design indicated that the flow of combustion gases in 
the pit chamber was significantly affected by port size. 





13 Flow pattern in vertical plane through centre of combustion 
chamber, revised design with annular burner. Air was 
injected into the stream to simulate fuel 


14 General arrangement of pits 


To obtain uniform flow independent of ingot position, 
the ports must be wide enough that they represent a 
substantial portion of the total width of the pit. In 
addition, both the burner design and the burner loca- 
tion were strongly correlated with the flow pattern of 
the combustion products in the pit chamber. The 
burner design could significantly affect the speed of 
mixing the fuel and air and the degree of stratification 
of fuel, air, and combustion products as they enter the 
pit chamber. 

The recommended design revisions consisted of 
altering the burner and extension of the combustion 
zone to promote mixing and full flame development 
before the port. Enlargement of the port was strongly 
recommended. 


Commercial experience 


Operation of the first commercially installed row of 
soaking pits substantiated the pit circulation observed 
in the flow studies. The high velocity of the fuel gas at 
the fuel port tended to direct the flow of combustion 
gases around the periphery of the pit, so that the 
heating of the centre ingots was reduced. As a result, 
in the rest of the pits, the fuel port area was increased, 
and the design was altered to a trapezoidal shape, 
narrower at the top than at the bottom, to minimize 
the flow velocity and improve the distribution of the 
fuel gas. The cross-sectional area of the ports was also 
increased as much as the existing steel structure 
would allow. 

Figure 14 shows the general arrangement of the 
soaking-pit building for the bloom mill. The soaking 
pits are located in the two rows along the length of the 
bay. At the time of writing, performance has not been 
fully evaluated. However, the pits have been operated 
for two years on straight blast-furnace gas fuel. The 
heating rate approximately equals the track time, and 
the net fuel rate (charge to ready to draw) is about 
310000 Btu/ton. 

A horizontal U-fired soaking pit was conceived by 
plant engineers. The merits of this unusual design were 
studied by the application of aerodynamic models and 
a working mock-up pit. With small modifications, 
the design was incorporated for the new blooming mill. 
Soaking pits of the same design have been installed in 
additional mills to replace or supplement existing pits. 
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The crystallography of martensitic 


transformations 
B. A. Bilby and J. W. Christian 


THE VERY HARD PRODUCT formed in many rapidly 
cooled steels has a characteristic microstructure, and 
was called martensite in honour of the German metal- 
lurgist A. Martens. The transformation which pro- 
duces martensite exhibits certain characteristics which 
are also found in other solid state changes, including 
many in both pure metals and alloys. All such trans- 
formations are now conveniently described as ‘mar- 
tensitic’. In this paper, we describe the principles 
which appear todetermine the crystallographic features 
of martensitic reactions, and we outline the way in 
which our present ideas have been developed. The 
paper is not intended to be a critical review for 
specialists of the present state of the theory of mar- 
tensite crystallography. 

As in other p transformations, the new phase 
grows from small nuclei within the parent, and it is 
now clear that nuclei are formed at preferred sites 
where conditions are specially favourable. The prob- 
lems of nucleation and kinetics have been reviewed 
recently';* and discussed elsewhere.*:4 These prob- 
lems cannot be treated fully until the crystallographic 
relations at the nucleation stage have been elucidated, 
as may be possible from studies using thin-film electron 
microscopy. We shall be more concerned with the 
factors governing the crystallography of macroscopic 
regions of product, existing at a later stage of growth, 
although many of these factors are also relevant to the 
nucleation problem. The current theory of macro- 
scopic crystallography has, in fact, been used in calcu- 
lations about the nucleation stage, e.g. in the work of 
Knapp and Dehlinger.': 5 

We wish to emphasize two main features of a mar- 
tensitic transformation. The first of these is the rapid 
growth mechanism which involves the systematic co- 
operative movement of many atoms through small 
distances relative to their neighbours, and which thus 
does not depend essentially on atomic interchange by 
diffusion. The second feature is that a transformed 
region changes shape, as is shown by the appearance 
of surface relief effects under an optical microscope. 
These two characteristics are inter-related, inasmuch 
as a diffusionless transformation implies a change of 
shape in the transforming region. However, there are 
some phase transformations in which a diffusion pro- 
cess governs the rate of growth, but in which there is 
also a change of shape. The best known example of 
this is the formation of bainite, where diffusion of car- 
bon is probably rate controlling, but in which the 
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SYNOPSIS 
This paper gives a general description of the development 
of the recent theories of the crystallography of martensite 
transformations. It is not intended to be a critical review 
for specialists. The formal equivalence of the theories 1s 
emphasized, and in some cases the predictions are in 
excellent agreement with the experimental measurements. 
The predictions may be varied either by relaxing a 
macroscopic matching condition at the habit plane inter- 
face, or by making different assumptions about the dis- 
continuities in the interface which produce this matching. 
Present indications are that either or both of these pro- 
cedures may be necessary in some transformations; 
studies of martensite using thin-film electron microscopy 
give direct evidence relating to the second possibility. 
1911 





structural change involves the co-operative displace- 
ments of iron atoms and atoms of substitutional 
solutes.*-* The general theory of the crystallography 
has been developed on the premise of a characteristic 
shape deformation, and has indeed been applied to the 
bainite transformation.** It has also been found to be 
relevant to other transformations not normally classed 
as martensitic, such as the order—disorder transforma- 
tion in CuAu,'° and the early stages of the precipitation 
reaction in Cu-Be alloys."! Thus, in a discussion of 
crystallography, it seems most convenient to regard 
the existence of a shape change in the transformed 
region as being characteristic of one type of solid state 
transformation, as was suggested in a previous 
review.'* A fuller discussion of the significance of the 
observance of a shape change in the interpretation of 
the growth mechanism and the type of interface is 
given elsewhere.!* It should perhaps be mentioned 
that an attempt has been made to use the theory to 
interpret certain aspects of the crystallography of 
other types of transformation in which evidence of the 
characteristic shape change is lacking.'* 

In general, the martensitic phase forms as lenticular 
plates in the parent matrix; needles or laths lying on 
certain planes have been reported in low carbon 
steels,*!? but we shall not discuss this phenomenon 
here. In a few alloys'®-"’ a single crystal may be trans- 
formed by the passage of a single plane interface separ- 
ating the two phases, and extending to the surface of 
the specimen. Thus we may regard the usual lenticular 
shape as a result of the constraints imposed on the 
transforming region by a matrix which surrounds it. 
These constraints disappear in a single interface trans- 
formation, and should be clearly distinguished from the 
requirement that the parent and product phases are in 
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1 Shape deformation produced by a martensite plate (after 
Dr J. K. Mackenzie) 


contact at their surface of separation. Plane interfaces 
sometimes occur even in polycrystalline specimens in 
circumstances where the shape deformations of 
neighbouring plates compensate one another.!” 

Martensitic transformation is produced most charac- 
teristically either by rapid cooling (or heating) or by 
cold work. Rapid cooling may be necessary to prevent 
alternative modes of transformation, which involve 
atomic interchange by diffusion. Because of the sub- 
stantial strain energy produced by the shape change of 
a constrained martensite plate, the martensite reac- 
tion cannot begin until the chemical driving force is 
sufficiently large at least to supply this energy, where- 
as the slower, thermally activated reactions may be 
possible under much smaller driving forces. When 
produced by externally applied stresses, at tempera- 
tures where the chemical driving force is not quite 
sufficient, the martensitic transformation occurs 
because the associated shape changes can reduce the 
potential of the applied stress. 

The nature of the shape deformation in the trans- 
formed region is shown in idealized form in Fig.1, 
where a martensite plate LM NOA BCD meets a plane 
surface EFGH. In the region of the plate, the surface 
is tilted about the lines AB, CD. The surface ABCD 
remains plane, and a scratch SS’ remains continuous 
and deforms into straight sections ST'7’S’. The shape 
deformation thus deforms planes into planes, and 
straight lines into straight lines; such a deformation is 
called homogeneous and we discuss its properties in 
more detail later. It is evident that if cavities are not 
to appear along the surfaces ABM L and DONO, there 
can be no rotation of these surfaces as the plate thick- 
ens. The experimental observation that the plate and 
matrix may be kept in focus with a high-powered 
objective throughout their length shows further that 
the line AB cannot be rotated by more than a few 
minutes of arc. Since the free surface HFGH is arbi- 
trary, it follows that no line in the interface ABM L 
(or DCNO) is rotated, or more strictly, that the maxi- 
mum shear strain in the interface is less than, say, 
3-10-4.* It remains possible that there is a contraction 
or expansion uniform in all directions of these surfaces 


(a negative or positive dilatation), since this would 
leave all lines in the surfaces unrotated. The apparent 
shape S7'T"S’ of a scribed straight line would limit 
this dilatation to at most a few percent. Such a dilata- 
tion would be cumulative and cause e stresses at 
the edge of the plate. It should be noted that the exist- 
ence or otherwise of a dilatation within the interface is 
independent of the overall volume change of the trans- 
formation, which can be accommodated by an expan- 
sion or contraction normal to the. surfaces ABM L, 
DCNO, i.e. along the small dimension of the plate. 

The published crystallographic theories differ 
slightly in their assumptions about the nature of the 
shape deformation. The theory of Wechsler et al.**. 19 
assumes the interface to be undistorted and unrotated, 
whereas that of Bowles and Mackenzie*®.* assumes 
that lines in the interface are unrotated but may 
change slightly in length. The small dilatation in this 
theory is used as a parameter to be determined by com- 
paring the crystallographic features with the predic- 
tions.**, 2 Some other theories, e.g. those of Frank,** 
and Suzuki,*® imply slight distortions in the interface 
which are not uniform in all directions. The theory of 
Bullough and Bilby** assumes an undistorted inter- 
face, but enables some other parameters of the theory 
to be readily varied. We emphasize that all these minor 
differences are concerend more with the order in which 
various possibilities should be examined, rather than 
with fundamental principles. The dilatation para- 
meter is readily incorporated into any theory simply 
by adjusting the lattice parameters of one of the 
phases; on the other hand, Bowles and Mackenzie have 
emphasized that should their existing theory prove 
inadequate it may be extended by varying just those 
parameters incorporated in the theory of Bullough and 
Bilby, and also considered in some later papers of the 
American workers. 


CRYSTALLOGRAPHIC FEATURES OF A 
MARTENSITIC TRANSFORMATION 
From our previous discussion, the salient feature of a 
martensitic transformation is that the transformed 
region undergoes a change of shape equivalent to a 
homogeneous deformation which leaves the interface 
ABML, at least approximately, unrotated and un- 
distorted. We shall see that these conditions are suffi- 
cient to prove that the interface is, in fact, plane, and 
that the deformation is, at least approximately, an 
invariant plane strain. Such a strain may be regarded 
as a simple shear on the invariant plane, ABM L, 
together with an expansion or contraction normal to 
this plane. Each point moves in the same direction 
through a distance proportional to its distance from 
some reference invariant plane. (In a simple shear, the 
direction of motion is parallel to the invariant plane.) 
It is found that the lenticular plates, and hence the 
interface ABM L, lie parallel to within a few degrees 
to certain planes of the parent lattice, usually all 
crystallographically equivalent in a given transforma- 
tion. This plane is called the habit plane; it is usually to 
be represented by high indices, such as {225}y or 
{3, 10, 15}y, and is presumably irrational. It is also 
found that a definite orientation relationship exists 
between the initial and final structures, so that the 
interface or habit plane is a characteristic plane of the 
product structure as well as of the parent. Finally, the 
plates sometimes reveal a substructure indicated by 
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(:) 
a Original undeformed crystal block 
6 Lattice deformation 
¢ Dislocation (or lattice invariant) deformation by slip 
d Lattice deformation and ee invariant deformation com- 
bining to give zero shape deformation 
e dekanntion caused by varying lattice deformation in 
different regions ; 
2 Types of deformation in martensitic transformations 


striations or bands, and may be twinned or faulted. 
This fine detail is now being revealed clearly by the 
electron microscope, particularly with the thin foil 
techniques. 

Thus the theory of martensite crystallography must 
explain, for any particular transformation, the habit 
plane, orientation relationship, shape deformation, 
and the nature of the fine structure within the marten- 
site plate. The current theories provide a successful 
explanation of certain transformations, starting with a 
knowledge only of the lattice parameters and struc- 
tures of the two transforming phases and making 
certain assumptions about the crystallography of the 
fine structure to be expected. To understand these we 
must consider in more detail the types of deformation 
which occur. 


Shape, lattice, and dislocation deformations 

The early interpretations of the mechanism of marten- 
sitic transformations were based on models in which 
one lattice was deformed into the other by a sequence 
of hypothetical shears, combined with suitable minor 
adjustments of interatomic distances. These shears 
were suggested by a study of the two lattices and their 
relative orientation, but usually did not take account 
of the shape change. Such models, which are reviewed, 
for instance, by Bowles and Barrett?’ and Cohen,?* 
are likely to become of increasing interest as the 
nucleation process is revealed in finer detail by thin 
film studies,**. *° since many of them are capable of 
re-interpretation as mechanisms involving partial 
dislocations. !* 

An important step in understanding the crystallo- 
graphy was made by Greninger and Troiano*! in 1949. 
They showed that the observed shape deformation in 
iron alloys does not produce the martensite lattice 
from the austenite lattice, and concluded there must 
be a further lattice deformation which is heterogeneous 
on a fine scale, so that it does not contribute to the 
observed shape change. The analysis into such a 
sequence of deformations is followed in later theories, 
but is regarded by most authors as a purely formal 
procedure, and does not imply that the lattice pro- 
duced by the shape deformation alone exists as an 
intermediate ct. In order to understand how 
part of the lattice change may be ‘invisible’, we must 
distinguish between different kinds of deformation. 
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3 Displacement vector u 


We define first a lattice deformation in which the shape 
of a unit cell is changed, for example, the transition 
from a to 6 in Fig.2. Second, we may have a shape 
deformation shown by the distortion of a network of 
lines scribed in the crystal; this indicates the observed 
change of shape on a scale large compared with the 
lattice constant. In the transition from a to 6 in Fig.2, 
the shape and lattice deformations are the same. 
Third, we consider a deformation by slip processes (or 
more generally by the addition or removal of lattice 
points), as illustrated in Fig.2c. This type of deforma- 
tion has been called a lattice invariant deformation,}* 
since it produces a shape change but does not affect the 
lattice. In the theory of continuous distributions of 
dislocations,®* it has also been called a dislocation 
deformation, since it may be brought about by the 
passage of dislocations through the crystal. Figure 2d 
shows how a lattice deformation and an equal and 
opposite lattice invariant deformation can occur 
simultaneously to produce zero resultant shape de- 
formation. Finally, Fig.2e illustrates the effect of 
having varying lattice deformations in adjacent small 
regions. Such a situation exists, for example, in a stack 
of alternating twins, and the resultant shape deforma- 
tion depends on the ratio of the thicknesses of the 
twinned layers. 

In the description of Greninger and Troiano, the 
second part of the lattice deformation might be com- 
bined with a lattice invariant deformation, as in 
Fig.2d, or with a suitable stack of twins, as in Fig.2e, 
or with a suitable mixture of the two situations, to 
produce no resultant shape change. Obviously, this 
part of the deformation is no longer invisible if obser- 
vations may be made on a sufficiently fine scale, as is 
now possible with the electron microscope. For a 
martensitic transformation, it is necessary that the 
lattice invariant deformation shall produce no volume 
change, since this would require long range atomic 
diffusion. The possibility of having non-martensitic 
transformations in which this restriction is removed 
has recently been examined by Christian.1* 

Before describing the general theory in more detail, 
we now recall some relevant properties of homogene- 
ous deformations, following in this discussion the geo- 
metrical approach of a previous review. !? 


Homogeneous deformation 
Mathematically a deformation is conveniently des- 
cribed by specifying the relation between the initial 
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4 Section in the X,X, plane of the strain ellipsoid and the unit 
sphere from which it came 


co-ordinates (x,, 2, 73) and the final co-ordinates 
(z,", 29’, x3') of each point of the body. The difference 
u,=z,' —2z,, i=1, 2, 3, is, of course, the displacement of 
each point (Fig.3). 

In a homogeneous deformation, the final co- 
ordinates are linear functions of the initial co-ordin- 
ates. If the origin is supposed fixed, we can thus 
write 


©" =O 1%, +O 9% +O, y%y 
Wg hg: X + Gy q%y+Gygy 
Ly! = Ag, y +g +Ags%y 


where the quantities a,, (, j=1, 2, 3) are constants. It 
is clear that in such a deformation the degree of the 
equation representing any geometrical object will be 
unchanged. Thus, as required by the observations on 
the shape change, straight lines remain straight lines 
and planes remain planes. Although the quantities a,, 

completely describe the deformation (1), the following 
analysis brings out its physical meaning more clearly 
and succinctly. 

Consider a unit sphere 


2+2,'+2,'= 1 


drawn in the undeformed body; this surface becomes 
after deformation a triaxial ellipsoid called the ‘strain 
ellipsoid’, whose equation may be found in terms of the 
ay, by solving (1) to give x, in terms of x,’ and substi- 
tuting in (2). The principal axes of this ellipsoid form 
icular straight lines which 
ted from three diameters of the 

sphere, shds Uhertek- chemin thes Gelinas 
diameters were also mutually perpendicular in the un- 
deformed body. Thus, we may that the initial 
sphere is first turned as a rigid body so that these three 
arpa eM Son Ee ER rn a 
el to the axes of the strain ellipsoid, and that these 
diameters are then extended or contracted along their 
own lengths so that the sphere becomes the ellipsoid. 
In this way the deformation is resolved into a rigid 
body rotation followed by a deformation in which 
there are three mutually i lines which 
remain unrotated during the strain, and merely 
undergo extensions or contractions their length. 
A deformation of this latter kind is a pure strain; 
if these lines increase in length in the ratios 7, =1++e,, 
Ne=1+ ey, y= 1+, then e;, €,, and e, are called the 








5 Traces of the undistorted planes in their initial positions AB, 
CD, and their final positions A’ B’, C’ D’ 


principal strains. This resolution into rotation and 
pure strain is of great assistance, since when we are 
concerned with changes in dimension, it is sufficient 
to consider only the pure strain in any deformation. 

We can now classify the various types of deforma- 
tion by considering the signs of ¢,, ¢,, and @. If all 
these quantities have the same sign, the unit sphere 
lies either wholly within (positive sign) or wholly out- 
side (negative sign) the strain ellipsoid; the deforma- 
tion clearly leaves no line unchanged in length, and 
contains a component of uniform positive or negative 
dilatation. If one of the principal strains, say ¢,, is 
zero, then the sphere and ellipsoid touch each other 
along the X, axis, and this direction is unchanged in 
length. If the other two principal strains e, and e, have 
the same sign, then the X, axis is the only line un- 
changed in length and the pure strain is an invariant 
line strain. Figure 4 shows the section of the sphere 
and ellipsoid in the X,, X, plane, if e,—0 and e, and e, 
are both positive; the ellipsoid and sphere touch each 
other only along the X , direction, normal to the paper. 
If, however, ¢,=0 and ¢, and ¢, are of opposite signs, say 
é,< 0 and e, >0, then the X,, X; section appears as in 
Fig.5. There are now two unstretched lines along 
A’ B’ and C’ D’ as well as the unstretched X, axis; in 
fact the sphere and ellipsoid intersect along two circles 
lying in the plane through X, and A’ B’, and the plane 
through X, and O’D’, and all lines lying in these 
planes are unstretched. As we have already discussed, 
if one part of a body is to undergo a deformation while 

remaining in contact with the rest, the surface be- 
tween them must be undeformed. The present dis- 
cussion shows that if the deformation is homogeneous, 
it is necessary that the interface be plane, and that the 
principal strains be such that one is zero and the other 
two are of opposite sign. In the pure strain indicated in 
Fig.5, the lines A’ B’, CO’ D’ represent the traces of the 
final position of the undistorted planes. Initially these 
planes had traces such as AB and CD, these 
rotate during the deformation. To obtain a deforma- 
tion in which a plane is undistorted and unrotated (an 
invariant plane strain) it is necessary to combine with 
the pure strain shown a rotation which just annuls the 
rotation of one or other of the undistorted planes. 
Conversely, it is clear that except in the special case 
where the two undistorted planes coincide (e,—0 and 
either e, or e, also zero), so that the strain degenerates 
to a uniaxial strain, an invariant plane strain contains 
a component of rigid body rotation. 


Journal of The Iron and Steel Institute February 1967 


Theta 


Oe ae R Re ROMER To ET ee RC ee 
Se GER aS ne TARE Ey ey aR SG 


el ae ee 
Suv eRe, 
Pott Aaa oy) 


Saget SUAVE RS Mae atte 


ata era 


ip SSeS 


PPO AO a A aR RSE te 


“cet apeay a 


ale be nt no oti Sat 
C Re Py ae ee 
LP hedbemalb ae sit es de ba ks 


nies 22 


Aisa de rentable the roads: 








126 Bilby and Christian Crystallography of martensitic transformations 


In discussing the theories of martensite crystallo- 
y it is frequently necessary to consider sequences 

of homogeneous deformations of the type (1), as, for 
example, in the original treatment of Greninger and 
Troiano.* For this purpose it is convenient to make 
use of a powerful abbreviated notation for sets of 
equations of this type. The nine quantities a,,; are 
written out as a square array in the order of the equa- 
tions (1) so that a,, is the element in the i* row and 
j* column, and the whole set treated as an entity A, 
called a matrix. Similarly (x,, x, x3) and (2,', 74’, 25’) 
are written as matrices with one column only with 
symbols x and x’. By introducing an appropriate 
matrix algebra (laws of addition, multiplication, etc. 
for matrices) sets of equations such as (1) may be 
written: 

WEI Bids Sodnabas bab aasevavankeas) paginscsbssccodbscocasnevensvacuss (3) 
and the inverse equation: 

x=A™ x’ 


where A~! is called the reciprocal of the matrix A; it 
can be found when A is known, and the operations 
required nd of course to those involved in the 
elementary solution of (1) for the quantities 2, in 
terms of z,'. The matrix calculus is invaluable in con- 
sidering sequences of deformations and also in chang- 
ing the axes of reference. Thus if one deformation 
carries x to x’==A x and a second carries x’ to x’’= 
B x’, then the resultant deformation carries x to x” 
where: 


eI IBA Ey onc cecnversngcecescepspccnnsvnceegecsccevocepssness (4) 


It is, however, necessary to pay attention to the order 
of products of matrices, since multiplication is not 
commutative, i.e. the value of a product depends on 
the order of the factors, so that, in general AB# BA. 
This corresponds exactly to the physical situation; as 
the reader may easily verify the result of two success- 
ive deformations of type (1) does indeed depend on the 
order in which they are applied. 
The use of matrix calculus in analysing martensite 
ney “pe 4 was first introduced by Jaswon and 
ler,** and most recent treatments make exten- 
sive use of it; references to source books on matrix 
are given in the original papers. Although we 
shall not employ it here, it will be convenient, as in an 
earlier review,'* to describe deformations such as (1) 
by a symbol in heavy type A, and sequences of defor- 
mations by products of such symbols as in (4), the last 
symbol representing the first deformation applied. 


ANALYSIS OF MARTENSITE CRYSTALLOGRAPHY 
The current approach to this problem may now be 
summarized as follows: The structures and lattice 
meters of the parent and product are assumed to 
known. From these a certain pure strain P is chosen 
which defines, apart from a rotation, the most likely 
lattice deformation carrying a selected cell of the one 
structure into a selected cell of the other. The choice of 
P is discussed below. An unknown rotation R, to be 
determined later, is then combined with P to give a 
total lattice deformation D=R P, which relates the 
two cells in parent and product in their correct 
orientation relationship. 
In general, none of the principal strains of P is zero, 
so that the condition described above for R P to be an 
invariant plane strain is not satisfied. The lattice de- 
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formation thus differs from the invariant plane strain, 
F, which represents the shape deformation. There 
must then be some shape deformation, S, which does 
not affect the lattice, but which combines with R P to 
give the total shape deformation S R P. The deforma- 
tion S causes no volume c , since this is included 
in RP, and it must therefore be a combination of 
simple shears'?; all existing theories assume that S is 
equivalent to a single simple shear. The deformation S 
may be affected by slip, as in Fig.2d, giving the funda- 
mental equation: 


F=SRP 


Alternatively, if there are alternating twins produced 
from the parent by lattice deformations R,P,, R,P, in 
relative amounts (1 —z), x, the total shape deformation 
is the average lattice deformation F=(1—2) R,P,+ 
#R,P,. However, it is readily shown that this equation 
can be expressed in the form (5), where R P now repre- 
sents the deformation producing one of the twin 
orientations (say 1) and § is the average shear when 
the shear needed to produce orientation 2 from orien- 
tation 1 is applied to a fraction x of orientation 1. 

By assuming sufficient information about S, and 
knowing that F is an invariant plane strain, equation 
(5) may be solved to determine F, R, and S completely. 
Essentially, this is the method of all the theories; they 
differ in the order in which some of the above deforma- 
tions are applied mathematically, and in the manner 
of solving (5). If S is a simple shear, the theory has to 
specify the invariant plane and the direction of this 
shear, and the published applications of the theories 
also differ in the assumptions made here. In the 
applications of their general theory, Bowles and 
Mackenzie have utilized twin elements of the product 
for this plane and direction, and they suppose that the 
twin plane is derived from a mirror plane of the parent. 
This constitutes a considerable restriction on the 
possibilities for S; it arises from the assumption that if 
two twin orientations are formed, the corresponding 
pure deformations P, and P, must be crystallographic- 
ally equivalent variants. In other theories, the ob- 
served slip or twinning modes of deformation of parent 
or product may be utilized for S, this usually implies, 
in the structures of high symmetry involved, that the 
plane and direction of S are both rational. More 
recently, Crocker** has examined the possibility that 
the equivalent simple shear S is produced by disloca- 
tions of more than one type in the interface, giving an 
irrational direction or an irrational plane for S. 

From an assumed plane and direction of S and a 
particular pure strain P, there are, in general, four 
solutions of the equation (5) which are crystallo- 
graphically non-equivalent. Each of these solutions 
implies the prediction of a possible habit plane, orien- 
tation relation, and associated shape deformation. 
The formal theory does not distinguish between the 
possible solutions, although physically it seems 
reasonable to expect the preferred crystallography to 
minimize either the shape deformation F or the amount 
of shear in S, or both. When certain symmetry con- 
ditions are satisfied, the solutions may be degenerate 
and reduce to only two crystallographically non- 
equivalent cases, or even to one; the conditions for 
this have been examined by Christian®® and Wech- 
sler.** The Bowles—Mackenzie assumptions above also 
lead to only two solutions for the habit plane and 
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shape deformation, each corresponding to two twin- 
related orientations of the product. In the case of 
steels, these two habit plane solutions are equivalent. 

In addition to the assumptions about S, the Bowles— 
Mackenzie theory also includes a dilatation para- 
meter. This can be written explicitly into equation (5) 
by replacing P by AP, where A is a scalar factor. We 
shall not here discuss and compare the theories in any 

detail, since this has been done elsewhere, ® !2, 26, 
4,35 but we shall now comment briefly on the 
physical significance of the analysis. 

First we consider the interpretations of the lattice 
deformations P and R P. P is usually deduced from a 
correspondence; this is simply a statement that three 
given non-coplanar crystal directions in the parent be- 
come three given non-coplanardirections in the product. 
The choice is very simple in the transformation from 
austenite to martensite in steels, and was first pro- 
posed by Bain.*? The conventional unit cell of the fee 
austenite contains four atoms (neglecting interstitials), 
but if the axes are rotated through 45°, the lattice 
may be referred to a body-centred tetragonal cell con- 
taining two atoms. The martensite lattice is then 
obtained by extensions and compressions along the 
edges of this cell, and the homogeneous pure strain P 
thus brings all the atoms of austenite into their correct 
positions on the martensite lattice. In transformations 
between more complicated structures, P may describe 
the motion of only a fraction of the atoms, and the 
remainder must undergo inhomogeneous ‘shuffling’ 
movements within the unit cells selected in order to 
effect the phase change. An extreme example is the 
transformation from 8 to « uranium.**** In the case 
of iron alloys, the correspondence may be obtained 
from the observed orientation relationships by using 
the criterion that each austenite atom moves to the 
nearest available site on the martensite lattice.**. ** 
When shuffles are required, the conditions governing 
the choice of P are likely to be more complex. Some 

has been made with the analogous but 
simpler problem which exists in the theory of mechan- 
ical twinning.**, *, 41 

The crystallographic theories provide a picture of 
the martensite plate as it lies in the parent phase with 
characteristic habit, orientation relation, shape defor- 
mation, and internal fine structure. As it grows the 
interface moves forward into the parent and the 
various deformations take place at the moving inter- 
face either simultaneously or in some close time 
sequence. But how does it appear initially from the 
parent phase? 

We suppose that there grow in austenite as the M, 
temperature is approached certain lattice imperfec- 
tions where the structure is locally similar to marten- 
site. These may be originally stacking faults associated 
with partial dislocations,’*.** or larger regions of 
intermediate structure. An interesting example is 
afforded by the recent thin film studies of Venables,*® 
on the martensitic transformation induced in an 18-8 
steel by cold work. Here it is known from macro- 
scopic studies** that a metastable hexagonal phase 
(«) may be formed. From the thin film studies it can be 
inferred that a possible sequence in the formation of « 

is that hexagonal stacking faults first form; thicker 


regions of hexagonal phase then appear, and at the 
intersection of two such embryos of the 


«-phase are first initiated. Evidence for the presence 
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6 Iliustrating initial formation of the martensite plate 


of « embryos in Fe-Ni alloys has also been obtained by 
thin film studies,*® but direct evidence ing 
their possible mode of formation is not yet available. 
Similar studies in manganese steel have also been 
reported. *4, #5 

In the initial formation of a small alpha region in 
this way the lattice strains will be determined firstly 
by the local forces between neighbouring atoms. It is 
not unlikely that in iron alloys, the pure strain of the 
resulting lattice deformation will be the Bainstrain, 
but in any case, it will not in general possess an in- 
variant plane. Thus, as the «-region increases in size, 
the constraints of the surroundings increase until they 
induce an additional deformation corresponding to S, 
so that an invariant plane exists in the total shape 
change. This process continues as the plate grows in 
size, and as it develops along the invariant plane. It is 
illustrated schematically for slip and twinning in 
Figs.6a and 6 respectively. The shaded region A indi- 
cates the original «-region, not necessarily possessing 
any true habit, and the arrows indicate its sideways 
growth. As it grows, the invariant plane strain con- 
straint forces it to slip to form a stepped product as 
indicated, the line of the steps spreading out along the 
habit plane, shown as a dotted boundary. Since the 
slip stops at the edges of the plate, the steps are more 
correctly represented as dislocations in the interface as 
at B. As the whole interface moves sideways the dis- 
location arrays produce a simple shear, as in the mo- 
tion of a simple tilt boundary observed by Washburn 
and Parker.** We thus see the relevance of the theory 
of dislocation arrays to the problem. If we are inter- 
ested in the geometrical properties of the aftay as a 
whole, as we are in the formal crystallographic theor- 
ies, it is convenient to treat it as an entity by using the 
following process. The density of dislocations is 
increased without limit while at the same time their 
strengths are allowed to tend to zero, these limiting 
processes being conducted in such a way that the 
average geometrical properties of the array are pre- 
served. Thus we obtain a continuous distribution of 
dislocations along the interface; such a distribution is 
called a surface dislocation, *’ and its properties may be 
derived from the general theory of continuous distri- 
butions of dislocations.** The concept is applied to 
martensite crystallography in the theory of Bullough 
and Bilby,** and the formal crystallographic theories 
provide a simple and graphic illustration of the com- 
patibility relations between lattice, shape, and 
dislocations deformations which are the basis of the 
general theory of distributions of dislocations in three 
dimensions. Just as the familiar line dislocation 
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1 Geometry of a surface dislocation, illustrating the relation 
between the lattice (rotation) discontinuity and the dislocation 
strain discontinuity for the especial case of the simple tilt 
boundary. In a, b, and c the boundary is formally constructed, 
and in d it moves. Crosses indicate lattice orientation 


separates regions in the slip plane where the amount of 
slip is different, so the surface dislocation separates 
of crystal which differ both in lattice deforma- 
tion and in dislocation deformation. Fi 7 illus- 
trates this for a very ial surface dislocation, the 
simple tilt boundary, by showing the discontinuities in 
slip shear and lattice rotation across it. 
Fig.66, a sketch analogous to Fig.6a is given for 
9 uct forming alternating twins. Corresponding 
slip dislocations in Fig.6a a periodic region of 
local distortion is necessary at the boundary, which 
may be described as a of dislocation 
array.* It is evident that if single dislocations are to 
exist at the boundary the slip must be on a very fine 





* It is equivalent to an array of Somigliana dislocations. 
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scale: in fact if g is the shear and b the Burgers vector 
the slip spacing will be b/g. Similarly if the twins are to 
produce a maximum bo displacement of 6 and 
8 is the twi shear, their thickness must be at 
most of the order b/s, The available evidence from thin 
film studies*® of steel suggests that twinning is usually 
present, but that not all twins are thin enough to be 
accommodated at the boundary without internal slip. 
A combination of both processes thus seems likely. 
Indeed, in general, we must expect much more com- 
plicated forms of accommodation than the simple ones 
here indicated.'* 


SUMMARY OF THE PRESENT SITUATION 


The above discussion shows that the prediction of the 
crystallographic features of a given martensitic 
transformation from first principles requires only the 
specification of the lattice pure strain P and the ele- 
ments of the deformation S, The habit plane is fixed if 
the shape deformation is assumed to be an invariant 
plane strain, while use of a dilatation parameter 
results in a habit plane locus which may be plotted as a 
line in a stereographic projection. There are very few 
transformations in which the choice of P presents any 
difficulty, although as we have emphasized more work 
is needed on the formal criteria which govern P in the 
non-obvious cases. For some transformations, there is 
either direct experimental evidence for the elements 
of S, or else the experimental results (without dilata- 
tion) are in such excellent agreement with the predic- 
tions that it seems reasonably certain that a correct 
choice has been made. In some other cases, various 
discrepancies are found between theory and experi- 
ment, and it is not clear whether the reason lies in more 
complex forms for S than are assumed in the simple 
theories, or in departures from the invariant plane 
strain shape condition by way of a dilatation or a more 
general interface distortion. More general forms for S 
and for the interface distortion may, of course, be both 
involved simultaneously. One difficulty which should 
be mentioned is the existence of a real scatter in the 
observed habit planes in specimens of the same com- 
position, and even in a single specimen. The formal 
explanation of this scatter must require that the shear 
S or the interface distortion, or both, vary from plate 
to plate, presumably because of matrix accommoda- 
tion stresses. 

If it is not possible to find the elements of S by 
direct observation, it seems attractive to utilize the 
experimental observations to deduce S by solving 
equation (5) in reverse. The procedure is to deduce R P 
from the experimental orientation relation and the 
assumed correspondence, and then to solve for the 
other quantities (actually the problem is over-deter- 
mined, since F is also partially known from experi- 
ment). This approach has been tried by Lieberman*® 
and has also been discussed by Crocker®® and Mac- 
kenzie.* Unfortunately, the errors in the experimental 
quantities are such that no firm conclusion about S 
can generally be reached and at present, it seems that 
the direct prediction procedure offers the best com- 
parison of theory and experiment. 

The most successful application of the theory to 
steel martensites has been to the {3, 10, 15}y trans- 
formation in an iron—nickel—carbon steel, the crystal- 
lography of which was very carefully determined by 
Greninger and Troiano.*! Predictions of habit plane, 
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orientation relations, and shape deformation in excel- 
lent agreement with observation were made by 
Wechsler, Lieberman, and Read in 1953,1* and by 
Bowles and Mackenzie, whose general theory was 
developed independently and published in 1954.2°-22 
The elements of S are the {112} twinning plane and 
the <111> « twinning direction of martensite struc- 
ture teehee theories sgree since little or no dilatation 
is to give the observed crystal : 
Wechsler et al. considered the two poms bilities of fine 
twins or slip shear to give S, whereas Bowles and 
Mackenzie did not consider the product to be twinned. 
As stated above, this question is irrelevant in the 
formal theory, but thin film microscopy has confirmed 
the presence of twins of the expected type.* 

The other completely successful applications of the 
theory concern transformations in indium-thallium 
alloys?*, 17.22 and gold—cadmium alloys.'*.** Both of 
these are special cases, since single interface trans- 
formations are obtained, and the product is a stack of 
twins, visible under an ordinary optical microscope. 
The elements of S are thus determined experimentally, 
and there are no accommodation stresses to cause a 
dilatation or other complications. Near the interface, 
there must either be additional fine slip or else the 
twins must become much finer, but the predictions of 
the theory are in excellent agreement with the 
assumption that the elements of § are those observed; 
in the gold—cadmium case, the twinning direction 
(shear direction of S) is irrational. 

We now turn to those transformations which are 
more difficult to interpret. The best known of these is 
the steel martensite with {225}y habit and Kurd- 
jumov-Sachs orientation relationship.®! This was dis- 
cussed by Frank** in 1953, before the-publication of 
the theories discussed above. Frank used an element- 
ary two-dimensional matching method, which pro- 
vides a graphic picture of the interface with its 
associated array of dislocations (in this case pure screw 
dislocations), as described above in the section ‘Analy- 
sis of martensite crystallography’ (p.126). In formal 
terms, his theory provides an interface which is not an 
invariant plane, but in which lengths change by small 
amounts in one direction of the interface. Bowles and 
Mackenzie”? also treated this transformation, using a 
dilatation parameter. Their results seem to give rather 
better agreement with experiment than do Frank’s, 
which they discuss, but there has been some reluctance 
to accept them in view of the rather large dilatation 
(~1-5%). Alternative explanations of the {225)y 
transformations have thus been sought by varying the 
elements of S from those assumed by Frank and by 
Bowles—Mackenzie, which are the same as those 
operative in the Greninger-Troiano and similar steel 
martensites. A detailed discussion by Crocker** shows 
that the results cannot be adequately explained by 
assuming a single shear on any of the well recognized 
slip or twinning elements of the two structures. The 
present indications from the thin film work, are that 
the Bowles-Mackenzie and Frank theories are sub- 
stantially correct, since fine twins have also been found 
in martensite plates of {225 }y habits. 

The matching technique used by Frank has been 
extended to a more general three-dimensional prism 
matching treatment by Bilby and Frank,'*.5* and 
used to discuss the Greninger—Troiano habit already 
mentioned. This work again focuses attention on the 
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nature of the interface between the phases. A general 
discussion based on the dislocation model of the inter- 
face has been given by Bullough and Bilby.** In this 
paper, which uses surface dislocation theory, the 
development is formally equivalent to the other 
crystallographic theories, but it provides convenient 
formulae for numerical computation using a digital 
computer. The effects of varying assumptions about 
the lattice strain P and the elements of the shear S can 
thus be readily examined, and very detailed calcula- 
tions for the transformations in steels, in uranium, and 
in titanium and zirconium have been made in this way 
by Crocker.** The general theory allows a shear S on 
an irrational plane in an irrational direction, but diffi- 
culties of physical interpretation arise in this case. The 
detailed survey has thus so far embraced only shears 
either on an irrational plane or in an irrational direction, 
these corresponding to mixed dislocation arrays in the 
interface causing shear either on several rational planes 
in the same direction, or in several rational directions on 
the same plane. In this work, results were selected to 
correspond to minimum values of either the shape 
deformation or the shear in S. The Wechsler, Lieber- 
man, and Read formalism has been extended recently 
by Wechsler** and Otte and Wechsler®* to allow the 
use of more general expressions for S and P than those 
originally employed by these workers. Some conse- 
quences of varying S in iron alloys have been examined 
recently by Otte,®* and similar work is reported by 
Mackenzie.®* Another recent contribution to the gen- 
eral theory has been the discussion of graphical 
methods of solution, as an alternative to matrix 
algebra.*®, 5¢ 

Changes from a bec structure to an orthorhombic 
structure constitute an interesting structural group of 
martensitic changes, and include copper-aluminium 
alloys, lithium, titanium and its alloys, and gold— 
cadmium, all of which have been analysed by Bowles 
and Mackenzie.2* The transformations in lithium, 
titanium, and zirconium form a sub-group (the pro- 
duct being hcp), and have been investigated experi- 
mentally in some detail. The Bowles~Mackenzie theory 
has been able to explain all the observed features of 
the titanium transformation, but no successful ex- 
planation of the details of the orientation relation has 
so far been possible without using a dilatation. In the 
case of zirconium,®’ and of some titanium alloys which 
have two types of habit plane,**.5’ no satisfactory 
account of all the experimental results has been 
obtained, even with the flexibility of a dilatation 
parameter. Although all descriptions give habit planes 
and orientations which are in approximate agreement 
with experiment for transformations of this type, the 
detailed theory must be regarded as unsatisfactory at 
present,*4 except for the well established gold- 
cadmium transformation. 

As mentioned in the introduction, the erystallo- 
graphic theory has also been applied to transforma- 
tions which are not usually classed as martensitic 
because atomic interchange or long range diffusion is 
involved. Examples include jin Teton of bain- 
ite,®* the ordering reaction in CuAu!®, and the early 
stage of precipitation in copper—beryllium alloys."! We 
shall not discuss these changes further here, but we 
may note that the work of Bowles and Smith’® 
suggests that a dilatation is also needed to explain the 
CuAu results. 
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The overall picture arising from all this work is that 


a account can now be of the 
of the single interface transformations 
and the steel. In most other trans- 


formations for which sufficiently accurate results are 
available, the theory is in agreement with the 
observations, but certain discrepancies and points of 
controversy remain. Many of the difficulties may be 
pss Mn allowing a dilatation, but attempts have 
also made to explain the results by varying S and 
having an invariant plane as the habit plane. 

At present, it seems probable that both varying S 
and ing small distortions in the interface are 
needed to explain all the results. As is fitting, the situa- 
tion may be discussed best by reference to the results 
for steels. One outstanding problem is the occurrence 
of habits either very close to {225 }y or else scattered 
around {259}y or {3, 10, 15}y, the observed habit 
varying with composition and temperature. Another 
problem is the very wide scatter of the {259}y type 
habits, which as discussed by Otte and Read®* cannot 
be attributed entirely to experimental errors. Both the 
thin film results and the detailed comparison of the 
crystallographic results suggest that the change in 
habit may best be explained by using a dilatation 
parameter. However, this cannot explain the scatter 
of the {259} habits, since the predicted results would 
then lie on a curve in the stereographic triangle, where- 
as the observed seatter is as great normal to this curve 
as it is along it. 

The possible significance of a varying dilatation 
a et has been discussed recently by Christian, ®° 

ufman,*! and Kelly*? in terms of the constraints 
due to the shape deformation occurring in the parent 
phase. By considering explicitly the strain energy of 
the constrained transformation, which is a function of 
the dilatation, it may be shown that the postulated 
dilatations are not unreasonable. Similar reasoning 
could also be applied in principle to explain variations 
of S in different plates, or under different conditions 
of transformation. Effects of this kind would be absent 
in single interface transformations, and in this con- 
nexion the recent experiments of Pitsch®*, ** are also 
of interest. By examining the martensitic transforma- 
tion produced in a thin film of steel in the electron 
microscope, he has studied a situation in which the 
constraints are very different from those in a bulk 
specimen of steel. As one would expect, the results are 
not directly comparable with those obtained from bulk 
transformed specimens, but it should be very illumin- 
ating to analyse the crystallography under conditions 
of this type. 


In conclusion, we may say that the essentials of the 
current theory of martensite crystallography were 
formulated about 1953, and no changes in the main 
ee have taken place since then. The theory has 

very successful in interpreting the observed 
crystallographic features of almost all transforma- 
tions of this type,* and the main weakness has been 
the uncertainty of the assumptions made about S. 
With the recently deve high resolution tech- 
niques, the fine structure of martensite plates may be 
studied directly, and much of this uncertainty should 





* That is, possessing the characteristic geometrical features of 
the shape deformation, habit plane, and orientation relation- 
ship. 
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be removed. The opportunity will then arise for a more 
ing test of the rival hypotheses in some trans- 
formations, while the general principles already 
established should prove invaluable in the detailed 
interpretation of the electron microscope studies. 
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A note on brittle fracture initiation in mild 


steel by prior compressive pre-strain 


C. E. Turner 


INTRODUCTION 


ALTHOUGH BRITTLE FRACTURES of mild steel plate have 
been reported in service with negligible overall plastic 
deformations, laboratory tests do not in general pro- 
duce so-called brittle fractures, even of notched test 
pieces, until after an appreciable amount of plastic 
deformation has occurred, unless additional means are 
employed to ensure a crack starts. Impact conditions, 
locally-cooled regions, and welding have been various- 
ly employed for this purpose. Recently Mylonas et 
al.1-® used pre-compression to damage the test 
material so that in a subsequent notch tensile test 
fractures occurred at nominal stresses well below the 
virgin yield strength with no general plastic deforma- 
tion at the time of testing. 

In so far as the quite small nominal pre-compression 
strains used by Mylonas might easily occur during 
fabrication or even service, it seemed of interest to 
determine whether the results were peculiar to his test 
steel, or whether they might be reproduced in other 
steels more representative of those currently used in 
practice. This note presents the preliminary test 
results obtained. 


SUMMARY OF PREVIOUS WORK 

Mylonas’ results were obtained on a special brittle 
fracture prone steel, a 0-29%C rimming steel, using 
test pieces 10 in wide and } in thick. The pre-straining 
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SYNOPSIS 

Preliminary tests are reported in which, following the 
recent work of Mylonas et al., brittle fractures of 3-in 
wide notched tensile test pieces of a relatively notch 
ductile 1-in thick plate steel were obtained at nominal 
stresses below the yield level, after the material had been 
subjected to pre-compression in the already notched 
state. 1904 





was carried out in the notched state and measured 
nominally by overall compression across a l-in gauge 
length over the notch root. Tension tests were made on 
the pre-compressed steel at a temperature just below 
the lower elbow of the notch-tension ductile—brittle 
transition curve. In many tests cracks at the notch 
root and/or complete fractures were obtained at 
nominal stresses well below the virgin yield level. 
These results were explained on the concept of damage 
or ‘exhaustion of ductility’ of such a nature that the 
steel had locally insufficient remaining ductility to 
withstand significant tensile straining. Severe local 
residual tensile stresses are of course caused by such 
pre-compression, but Mylonas claims that these 
stresses play only a secondary role in the fracture 
process. Related tests are described, and this point 
discussed more fully in refs.2—5 and 9. 


PRESENT TESTS 
Three main series of tests were run on the steels 


detailed in Table I. The test pieces were 2} in wide by 
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TABLE | Steels tested 





(i) Chemical composition 
Steel %C %Mn %8i 
A 0-23 0-63 0-02 
B O16 O61 0-28 
C 020 044 ... 

D O15 1-19 0-08 


{ii) Mechanical properties 


%S %P Other details 

0-049 0-014 Aluminium-killed 

0-021 0-027 Oxygen-blown Bessemer 
0-020 0-014 Rimming steel 

0-039 0-02 Killed steel 


Yield point Max. stress §§ Notch tensile Charpy V- 

at 20°C at 20°C 50% transi- notch 50% 
Steel tons/in* tons/in* tion, °C transition, °C 
A 13-6 26-8 +22 
B 18-2 28-6 —25 —- 8 
Cc 17-6 29-4 + 45* 
D 16-8 27-5 —35* 
Steel B Yield point at —37°C: 24-1 tons/in* 


Maximum stress at — 21°C: 33 tons/in* 


* Approximate only 





134 in long by 1 in nominal thickness for the first two 
series and 3 in wide for the third series. In the first two 
series the test pieces were sawn from the plate. In the 
third series, where deeper notches were used, the test 
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pieces were removed from the parent plate by flame 
cutting, and then machined to size. Two test pieces in 
this series were sawn, to check that results were not 
being influenced by the flame cutting. In all cases the 
notches were milled; the notch details are given in 
Table II. 

After notching, the test pieces were compressed in 
the rolling direction, using a jig to prevent buckling. 
The amount of compression was determined nominally 
over a 1-in gauge length across the notch root (2-in g.1. 
in the first series). A period of 2-3 h was normally 
allowed between pre-strain and subsequent testing. 
The pre-straining was carried out at room tempera- 
ture, and the tensile testing at temperatures around 
the ductile—brittle transition region as shown by notch 
tensile tests of the undamaged steel. The time to frac- 
ture was of the order of 2 min for a normal brittle frac- 
ture, and rather shorter or longer for a low stress or 
ductile fracture respectively. Tests were made using 
standard wedge grips in a self-indicating hydraulically 
operated machine. 

No low stress fractures were obtained in Series 1 
and 2. In Series 3, deeper 90° notches were used with 
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TABLE It Notch details 








Code ___ Notch angle __ Notch depth, in Root radius, in _ 
I, 45° ; 0-010 
I, 45° t 0-010 
N, 90° ; 0-010 
Ny 90° ; 0-010 
Ny 90° ; 0-010 
Ny 90° ; 0-010 
Ns 90° 4 0-010 
Ne 90° 2 0-010 





TABLE i! Test results 


greater pre-compression and 3-in wide test 


obtained, and cracks heard and seen to occur at the 
notch roots, well below the general yield level. Thick- 
ness measurements taken before and after the tension 

confirmed the absence of overall plastic flow. 
Notch tensile tests were also made on the virgin plate, 
using the same size of test piece and notch as for the 


pre-compressed material. 
TEST RESULTS 


A few representative results of the tests, Series 1 and 2 
are given in Table ITI (i) and ITI (ii) but are not further 


pieces. discussed. The results of Series 3 are given in Table 
Fractures below the nominal yield stress values were _ III (iii) and Figs.1-3. The tabulated stresses are load 














Teat piece Average pre-strain, % Notch Ageing Test temperature, °C Max. stress tons/in® 
(i) Series 1, Steel A (representative results only) 
2 0 1, None -—3 24-8 ’ 
7 24 compressive I, None —15 23-6 
19 compressive I, None —12 23-6 
12 compressive I, 5 days at 20°C —16 20-3 ; 
15 24 compressive I 1} h at 90°C —18 19-9 
‘ 18 compressive N, one —18 22-8 
z 20 2} compressive N,; None —20 20-5 
i 22 1} tensile : I, 1 month at 20°C —14 23-1 
i All fractures from 80 to 100% crystalline appearance 
ie a 2 (representative results only). All pre-strains compressive 
24 54 I, 2h at 140°C —42 29-6 
25 3 I, None — 22 31-9 
Steel C 
28 24 I, None +9 30-0 
30 3 I, 2h at 140°C +8 30-2 
Steel D 
32 3 I, 2h at 140°C ~52 33-4 
34 3 I; None — 55 29-3 
All fractures from 90 to 100% crystalline appearance 
(iii) Series 3, Steel B, no ageing. All pre-strains compressive 
Reductionf in 
Average Max. stress, Stress at cracking thickness 
Test piece prestrain, %* Notch Test temp., °C —_—tons/in* tons/in Cryst., % mid width, % 
35 7 N, —50 18-2 13-9 100 0 
36 8 Ns —62 22-5 ies 100 } 
37 7 N, —60 22-4 ss 100 0 
38 7 N, — 55 18-1 Be 100 
39 7 N, —60 17-0 sae 100 0 
40 8 N, —54 27-5 20-0 100 } 
41 i N, —63 23-1 13-1 100 0 
42 i} N, —62 18-0 tis 100 0 
43f 6 Ny, —60 15-0 . 100 0 
44} 8 N, —60 sé 100 } 
45 0 N, +1 31-8 é 0 20 
46 0 N, —27 33-0 90 4 
47 0 N, —18 32-4 10 13 
48 0 N, —24 32-5 ; 40 3 
49 0 N, —6I 30-0 100 2 
50 7 N, —33 33-0 ¥ 90 lt 
51 8 Ny, —60 20-5 12-9 100 A 
52 7 N, —48 Test stopped 16-6 es <i 
at 21-4 19-0 
53 x N, —24 25-1 100 1 
54 8 N, —6 31-6 at 0 14 
55 7 N, —60 22-2 14:7 100 ; 
56 7 N, —32 24-2 int 100 + 
57 8 N, —29 30-3 95 1} 
58 7 N, —15 31-6 50 9 
59 7 N, — 46 20-5 100 Pt 
60 1-9 Ng —42 19-1 100 0 
61 0 N, —46 32-2 as 99 2 
62 7 N, ~—32 18-8 13-0 100 0 
63 0 N, —42 32-8 ms 95 3 
64 54 oo —18 26-6 — 100 4 
65 104 N, —30 Test stopped 9-3 ae ‘5 
at 18-7 14-2 
66 12-5 N; —8 22-4 ies 100 1 





19-8 tons/in* on first test. No.44 
one wedge grip. 
§ 24 in wide with 4 in deep 90° V notches. 
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* Where significantly different pre-strains occurred at the two notches, two figures are given. 
+ Limits of accuracy taken as +0-002 in on nominal 1 in thickness. Measurements taken on un-machined plate surfaces, based on thickness 
after pre-compression where appropriate, 
¢ Test pieces sawn from parent plate. No.43 fractured on retesting; testing machine failed at a load corresponding to nominal stress of 

Buckled during compression and broke, while being inserted in testing machine, under a lateral force from 
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divided by net area at the root of the notch after pre- 
compression if appropriate. The low stress fractures 
are characterized by three main features: 


(i) fractures at nominal stress values below the 
yield stress with no measurable plastic con- 
traction in thickness; 

(ii) the oceurrence of cracks, heard and sometimes 
seen, at nominal stresses well below yield stress 
level; 

(iii) fracture appearance with no visible ‘ductile 
thumbnail’. 
The transition temperature range and the general 
behaviour above this range does not seem significantly 
affected, in these tests, by the pre-compression. 


The deformation caused by the pre-compression is 
shown in Figs.4 and 5. A crack at the notch root (test 
piece no.52) is shown in Fig.6, and the fractured sur- 
faces in Fig.7. The small region at the notch root of the 
pre-compressed test piece at first sight resembling a 
‘ductile thumbnail’ is in fact a region where the notch 
faces have been forced together during the pre- 
compression. 

The results of test pieces nos.43 and 44, though both 
somewhat unusual, were taken to show that the low 
stress fractures were not primarily caused by any 
effect of the flame cutting used in the main tests. 

At first sight it may be thought surprising that no 
low stress fractures or cracks were obtained for test 
pieces 18-20, Series 1, since steels A and B are fairly 
closely similar except for the higher yield strength of 
steel B. If, however, the fracturing work per unit area, 
G,,'° be calculated* for steel B from the elastic strain 
energy release rate for a fracture stress 0, =17 ton/in* 
(from Fig.3) then a value G,=37 in |b/in* is obtained. 
If such a value were applicable to steel A, then the 
nominal fracture stress ¢, would have been 18-7 ton/in?, 
which value is above the yield level for that material 
at the test temperature (allowing a rate of change of 





* Ref.10 gives the formula (G = *b/EZ) tan wa/b for plane stress, 
in a plate of width b with edge notches, each of depth a in a 
stress field c. The stress c is related to the nominal stress o, at 
the notch root by bo=(b —2a) o,. 
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yield stress with temperature similar to that for 
steel B). 


CONCLUSIONS 

These tests are but a preliminary investigation, report- 
ed at this stage in view of current‘interest in the prob- 
lem. It has been shown that test pieces suitably notch- 
ed and then pre-compressed at room temperature, will, 
when subsequently tested in tension below the ductile- 
brittle transition temperature crack and/or fracture in 
a brittle manner with no measurable overall plastic 
deformation at nominal stresses significantly below 
the yield level. Such results had previously been obtain- 
ed by Mylonas et al. on large test pieces of a brittle 
fracture prone steel, but have here been obtained on 
small test pieces of a currently used ship-plate type of 
steel of a relatively notch ductile nature. 
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some high-alloy steels 
P. P. Snowden, A.Met. 


AUSTENITIC STAINLESS steels are widely used under 
conditions which can sometimes lead to stress-corro- 
sion cracking and considerable work has been reported 
on the behaviour of individual steels and the condi- 
tions which may cause the most rapid attack.'~’ Im- 
provements by variation of alloy content, particularly 
nickel, have been noted and means by which attack 
can be minimized or avoided have been discussed.*-!° 
Workable theories of the mechanism of the attack 
have been developed with particular reference to 
certain alloys under specific conditions,'!,1* but no 
extensive com “ap of the susceptibility of the 
various grades has been made. 

The present paper reports the behaviour of a num- 
ber of typical austenitic stainless steels, ranging 
composition from 18%Cr, 8%Ni, to 25%Cr, 30°LNi, 
under a variety of conditions. Behaviour of two 
ferritic 20%Cr stainless steels and a martensitic pre- 
cipitation-hardening corrosion-resisting steel is also 
discussed 


Tests were carried out at the atmospheric boiling 
points of solutions of magnesium chloride and sodium 
chloride, in high-temperature solutions of sodium 
chloride, sodium hydroxide, and potassium hydroxide 
and in high-pressure steam with specimens contamin- 
ated prior to the test with sodium chloride, sodium 
hydroxide, or potassium hydroxide. 


Description and operation of apparatus 

With the exception of that used in tests carried out at 
atmospheric boiling point, the test equipment has been 
discussed in detail previously’»* and will only be 
briefly described here. 

Tests at atmospheric boiling point were carried out 
on simple stress-rupture machines with tensile-type 
specimens stressed through a lever system and 
exposed to the boiling solution contained in a glass 
vessel. A resistance heater is used to heat the solution 
and a reflux condenser system maintains a constant 
solution level. 

The apparatus used in tests with solutions at high 
temperatures consists of a small, thick-walled pressure 
vessel to which is clamped a hollow cylindrical speci- 
men containing a thermocouple recess, the system 
having a capacity of only about 8 ml. Both vessel and 
specimen are filled with the required solution prior to 





Manuscript received 7 November 1960. 
The author is with the Brown-Firth Research Laboratories, 
Sheffield. 
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SYNOPSIS 

A number of austenitic, ferritic, and martensitic corro- 
sion-resisting steels have been tested under conditions 
ranging from simple boiling solutions to high-pressure 
steam. Behaviour of individual steels under specific con- 
ditions is tabulated and an overall comparison made of 
the susceptibility of the various material. It is shown that 
under the conditions which lead to rapid stress-corrosion 
cracking of the austenitic alloys, high chromium ferritic 
alloys are immune to cracking or suffer a much less 
catastrophic type of attack, and it is suggested that alloys 
of this type offer distinct advantages for use in chloride 
environments. 1909 





the test, and a pipe carrying a pressure gauge and 
valve, attached to the pressure vessel, allows high- 

ure gas to be added to the system to prevent the 
solution boiling at the working temperature. The stress 
is applied through a lever system and a resistance 
heater brings the gauge length of the specimen to 
temperature in about 20 min. 

e high-pressure steam apparatus consists of a 
thick-walled pressure vessel, } in internal dia., 24 in 
high, with a smooth outward taper at the top, into 
which fits a thimble type specimen stressed in tension 
by means of a plunger and lever system. Two inde- 
pendently controlled resistance heaters are used to 
heat the specimen and raise steam. Specimens are con- 
taminated prior to the test and exposed to condensing 
(dewpoint) or superheated steam. Connexions to the 
vessel allow high- “pressure gas to be added and pressure 
recorded. The term ‘1 cycle’ is used subsequently to 
denote the duration of the dewpoint test and consti- 
tutes the period required to achieve working tempera- 
ture and the attainment of ‘dewpoint’ or condensing 
steam conditions after which the test is suspended. 

All specimens were solvent degreased and boiled in 
distilled water before the tests. Tests at atmospheric 
boiling point were open to the atmosphere, but with 
high-temperature solutions and tests in high-pressure 
steam, compressed air was added to ensure presence of 
oxygen. 


Materials 


The materials tested were FST, unstabilized 18-8; 
FSL, low carbon 18-8; FDP, Ti-stabilized 18—8; 
EMS, free-cutting 18-8; FMB, 18-8-3 Mo; FCB, Nb- 
stabilized 18-9; FV 548, Nb-stabilized 16—-12~-1 Mo; 
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TABLE | Analyses of material used 
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Quality Cc Si Mn Cr Ni Mo Nb Ti Cu 8 
FSL 0-027 0-79 0-46 18-24 10-78 oie 
FST 0-07 0-54 1-84 17-80 8-70 ins 
FDP (a) 0-11 0-94 0-76 18-56 9-00 Si 0-61 
FDP (b) 0-08 0-91 0-84 18-48 9-20 pee x 0-52 ‘ae me 
EMS 0-09 0-64 1-45 17-72 9-55 0-35 a 0-78 pee 0-224 
FMB 0-05 0-29 0-73 17-76 8-35 2-83 eae at awe uh 
FCB (a) 0-11 0-650 0-41 17-84 9-50 és 1-22 

(b) 0-07 0-66 0-78 17-72 8-75 . 0-80 

(c) 0-07 0-45 0-71 17-16 8-40 ee 0-66 
FV 548 0-08 0-45 1-25 15-90 11-84 1-23 1-10 
DDQ 0-10 0-69 0-95 12-32 12-60 0-29 are ee 0-18 
254 0-05 0-61 0-71 17-74 17-73 3-75 "1 0-63 2-35 
Immaculate 5 0-09 1-49 0-84 23-93 21-70 “e me im ny 
FI 20 0-05 0-25 0-80 20-76 0-15 is pa 
FV 560 (a) 0-05 0-39 0-96 20-50 0-16 2-08 1-17 

(b) 0-05 0-47 1-00 21-64 0-15 2-06 1-19 see 

FV 520 0-05 0-28 0-70 13-88 5-51 1-75 0-38 1-63 





DDQ, unstabilized 12-12; 254, Ti-stabilized 18-8-3 
Mo-3 Cu; Immaculate 5, 25-20; FI 20, 20% Cr iron; 
FV 560, 20% Cr, 2% Mo, 1% Nb ferritic steel; FV 520, 
14%Cr, 5%Ni, Mo-Cu precipitation-hardening steel. 
Detailed analyses of all these steels are given in Table I. 

Specimens of all the steels except EMS were 
machined from rolled bar and were in the normal 
softened condition unless otherwise stated. EMS was 
in the form of a 5-in square billet and specimens were 
cut in both the longitudinal and transverse directions. 

FCB has been used as the standard material for 
stress-corrosion testing in the author’s laboratory and 
results for more conditions are available on this steel 
than on any other. 


RESULTS OF TESTS 

The results of all the tests, in boiling chloride solu- 
tions, high-temperature chloride solutions, and under 
dewpoint and superheated steam conditions with 
chloride contaminated spe¢imens, are given in Table IT. 
Table IIT lists the results obtained in high-tempera- 
ture sodium hydroxide and potassium hydroxide solu- 
tions and in superheated steam with caustic contamin- 
ation, while the behaviour of the individual steels in 
the various tests is discussed below. 


Chloride environ ments 
Boiling 42°,MgCl,, 20 tons/in* stress 
This is a very severe test and it is difficult to pick out 


TABLE i! Behaviour of the various materials in chioride environments 














d on sp tested at Life obtained on specimens tested at Life obtained on NaCl contaminated 
20 ) tonafin® ‘ad as 26 somone in boiling 10 tons/in* and 250°C in solutions of: specimen tested at 13 tons/in® in steam 
at: 
300°C and 330°C and 
1500 tb/in® 1500 Ib/in? 
Quality 10% NaCl 3%NaCl 10%NaCl 3%NaCl 0-1%NaCl (dewpoint) (superheated) 
FSL htt 0-3, 0-3 h 194-8 h vie 
FST tt 3100 NF(2) 0-8, 10-0, 98-1 h 1 cycle 
35-0 h 
FST* 1664, 2232h. 0-5, 1-6h rae" 
FDP (a) 4459-9, 7500 NF (2) . 12h 9-4, 2-9h 
11000 NF = (30 tons 
stress) 
(b) sas te 0-5h 6-5h 1 cycle 55h 
EMSt 3203, 3474h... 14-5, 87-Lh 79-4h a rae 
EMSt{ 221, 448h 0-9,20-0h 09h ves eae 
FMB we 0-9, 10h 1-1, 54-7, 1 cycle (2 tests) 724h NF 
59-8 h 750 h NF{t 
FCB (a) 320, 1484h ... 13h 0-6h 1-1, 54-7, 1 cycle (2 tests) 69, 96 h, and 
(10 tons 59-8 h 213 h NFit 
stress) 
(6) 1482 h 4196 h (30 0-5-2-9 43-4, 53-9, 1 cycle 
(30 tons) tons stress) (7 tests) 99-3 h 
(c) 1133 h “a 0-9h Avs 1 cycle 839 h NF 
FV 548 an 86-8 bh dn 1 cycle wae 
DDQ 42-2, 98-Sh ... 1 cycle 678 h NF 
Immac. 5 92-8, 159-8h . 1 cycle NF 1157 bh NF 
254 ta wie 0-5, 0-5 h 522-5 h NF 1 cycle (2 tests) ins 
FI 20 8500 NF (2) 16-8h 36-4 h pr a 
FV 560 (a) 2000 NF (4) 24-2h = “0, 145-8, 697-7hNF 1 eycie NF (2 tests) 314 h NF 
(30 tons stress) 3h 
(b) se a 500 4 NF 
FV 560§ (6) 2000 NF (2) ... 1-6, 301-9 h 
(30 tons 
stress) 
FV 560|| (6) bc 98-6 h 131-8h ‘ t3i ee 
FV 520 997, 3024 h 295-4, wi 1 cycle NF (2 tests)§ 528 h NF 
NFG 500 h NF** 
* AC 1050°C+ 30 min 650°C welded with FV 520 NF Not failed 
+ Longitudinal samples AC 800°C after —s with FV 520 tt Typical results, not obtained on cast quoted 
} Transverse samples 12 ed eat oe aes tt Severe cracking 
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TABLE il! Behaviour of the various materials in caustic alkali environments 





Life obtained on specimens at 10 tons/in® and 300°C in solution of: 


Life obtained on 

KOH contaminated 
specimens tested at 
13 tons/in? in steam 


Life obtained on 
NaOH contaminated 
specimens tested at 
13 tons/in® in steam 
at: at: 

330°C and 1500 Ib/in? 330°C and 1500 Ib/in® 





Quality 20%Ne0H 5%Na0H 20%KOH 5% KOH (superheated) (superheated) 
FsL 3-Th 20h 117 h (Na,SiO, added 42 h 
to NaOH) 
FST 8-lh 21-6h 632 h 606 h 
FST* 16-4h = 181-6 h ioe ae 
FDP (a) 17-8, 284-7, 302 h 156-4 h i 
515 h NF 

(b) 40-5h 24-5h 341 h NF 767 h NF 
EMS+ 42-7h how bes Ms 
EMSt 0-4h sk js fies 
FMB 8-9h 2-lh 189 h NF, 307 h 18h 
FCB (a) i eae es i 18h, 9h NF, 110h ... 

(b) 1-6, 1°8, 15-3 h 6-4, 15-1 3-8, 13-8h 17-2, 17-6, 51-2 h, 15 h, 276 h NF 163, 22, 28h 

(temperature 400°C) 

(ec) 3-7, 27h east sin 
FV 548 ise 15h 
DDQ 1-2, 20-2h 343 h 
Immac. 5 14-6, 150-8 h 679 h NF 
FI 20 2-5, 6-5 h iy iis i 
FV 560 (a) 1-0, 58-6 h 92-3h 485 h NF, 1012 h NF ... 

(20 tons stress) 
( 55-0 h i 

FV 560§ (6) 21-9, 46-1h es 
FV 560i (6) 1-6, 48-2h sei aes 
FV 520 6-2, 10-7, 37-9 h** 18-6, 212, 241 h** 909 h NF 





q Aged 1 h 550°C 


slight differences in susceptibility. All the ‘18-8’ steels 
behaved similarly, giving lives of about 3 h, with the 
exception of FDP which gave somewhat longer lives. 
FV 548, DDQ, 254 and Immaculate 5 in particular 
also gave longer lives, this probably being caused by 
the higher nickel content. The ferritic and martensitic 
alloys were not tested in this solution since their some- 
what lower corrosion resistance leads to general attack 
and not cracking. 


Boiling 10% and 3%NaCl, 10-30 tons/in* stress 

A pattern of results similar to those in MgCl, was 
found but, under the much less severe conditions, lives 
were very much longer and in the case of 3°,NaCl no 
failures have occurred with any of the materials tested 
other than FCB and hardened and tempered FV 520. 
The relatively short lives obtained in 10° NaCl on 
FCB and the failure in 3% NaCl of FCB are somewhat 
surprising when compared with the lives obtained on 
FST and FDP, and no explanation can be offered. 
Presence of 4 ferrite often results in long stress-corro- 
sion lives, and while this particular cast of FDP con- 
tained about 10% 4 the FST contained little or none, 
so that this cannot be used to account for the marked 
difference in life of the FCB. 


10%, 3%, and 0-1%,NaCl at 250°C and 10 tons/in* 
stress 
Even the 0-1% solution at this temperature represents 
a very stringent test and fairly short lives were ob- 
tained. The 18-8 materials with the exception of FDP 
and EMS behaved similarly; FDP unexpectedly gave 
inferior results in 0-1% solution while longitudinal 
imens of EMS showed considerable improvement 

in 3%NaCl. DDQ and Immaculate 5 again showed 
marked superiority over the 18-8 types, but 254 in 
3%NaCl was no better. 

The martensitic and ferritic alloys, FV 560 in par- 
ticular, gave fairly good lives under these conditions, 
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§ As welded with FV 520 
|| AC 800°C after welding with FV 520 


** Aged 2 h 560°C 
NF Not failed 


but the attack, as discussed later, was more one of 
severe pitting than cracking. 


Contaminated specimens under dewpoint steam 
conditions at 300°C, 1500 tb/in®, 13 tons/in® stress 

All the austenitic steels with the exception of Immacu- 
late 5 failed within a few minutes of dewpoint con- 
ditions being reached, extensive cracking other than 
the fracture being visible. The ferritic and martensitic 
alloys, however, appear to be resistant to these con- 
ditions and neither FV 560 nor FV 520, which was in 
the precipitation-hardened and tempered condition, 
suffered any cracking. 


Contaminated specimens in superheated steam at 
330°C, 1500 lbjin®, 13 tons/in? stress 

These conditions are much less severe than at the 
dewpoint and only FDP and FCB failed completely, 
other austenitic materials showed cracking to various 
depths on micro-examination, but again FV 560 and 
FV 520 showed no cracking. 


Caustic alkali environments 


High-temperature solutions at 300°C and 

10 tons/in? stress 

Under these conditions behaviour of most of the 
austenitic steels in 20°,NaOH was similar, lives were 
longer and more variable than in 3%NaCl at 250°C. 
20% KOH gave closely comparable lives while 5% 
solutions of either NaOH or KOH seemed to give little 
improvement in life over the stronger solution. The 
effect of higher nickel content was less marked than 
with chloride, but in this case, presence of appreciable 
amounts of 4 ferrite probably accounted for the 
increased resistance of FDP. 

The ferritic and martensitic alloys have quite good 
resistance to 5°,NaQH, but short lives have occurred 
in 20% NaOH and their resistance to caustic solutions 
is definitely less than to chlorides. 














1 Typical area of cracking on specimen tested at 10 tons/in® in 
boiling 10% NaCl at atmospheric pressure x 100 


Contaminated specimens in superheated steam at 
330°C, 1500 lb/in®, and 13 tons/in® stress 
Again the behaviour, in terms of life obtained, with 
both NaOH and KOH is similar. The conditions are 
more severe than with chloride contamination and 
more steels failed. Higher nickel content again seems 
advantageous, DDQ gave a somewhat longer life 
(343 h) than the 18-8 steels, with the exception of 
FDP, and Immaculate 5 survived 679 h without 
failure. 

FV 560 and 520 again showed very high resistance 
to attack under these conditions, lives of 1000 and 
900 h without failure being obtained. 


Micro-examination of specimens 

Chloride environments 

Stress-corrosion cracking of the austenitic stainless 
steels is generally thought of as entirely transcrystal- 
line. With chloride environments this is usual and was 
confirmed for all the samples examined microscopically 





2 Typical area of cracking on specimen tested at 250°C with 
3%NaCl x 100 
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3 Typical cracking on specimen contaminated with NaCl and 
tested under dewpoint steam conditions x 200 


in the present work. Even FST in the 30-min 650°C 
condition, in which it would be susceptible to inter- 
crystalline corrosion in the conventional tests, showed 
transcrystalline cracking in chloride solutions, Usually 
little or no general attack is present when stress-corro- 
sion cracking occurs, except in the case of an alloy 
giving a long life in a severe medium such as 42% 
MgCl, solution. 






a iets Sa We phe eg ~ : ea 
4 Appearance of cracking on specimen contaminated with Ni 
and tested under superheated steam conditions x 500 
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& Typical example of atiack found on 20%Cr-Mo-Nb steel 
tested at 250°C with 3%NaCl x 200 


Typical examples of cracking found with austenitic 
stainless steels under the three main conditions of test, 
boiling solutions, high-temperature solutions, and 
high-pressure steam, are shown in Figs.1—3. Cracking 

ing with chloride in superheated steam differed 
from that found under dewpoint conditions. The 
cracks are broader, stubbier, and less branched, and 
frequently filled with corrosion product. Figure 4 
illustrates the nature of these cracks. 

Presence of 4 ferrite in an otherwise austenitic steel 
can lead to considerable variability in the results 
obtained as mentioned above. A high percentage of 
4 ferrite usually affords increased resistance to crack- 
ing, but the relationship of 4 content to life is not 
simple and similar amounts in different casts do not 
always give similar lives. Distribution of the 4 also has 
a pronounced influence on life in the various tests. For 
example, FDP containing about 10%, 4 appeared 
slightly superior in boiling solutions to longitudinal 
specimens of EMS containing a similar amount of 4 
in somewhat more massive form. In high-temperature 
chloride solutions however, the EMS was considerably 
superior, Cracking in a two-phase, austenite and fer- 
rite, alloy usually occurs in the austenite, the ferrite 
being left unattacked. 

The resistance of wholly ferritic alloys like FV 560 
to cracking in chloride environments is very much 
higher than that of the austenitic alloys. When failures 
oecur with high-temperature solutions it is usually 
after a much longer period of time and the nature of 
the attack is completely different from that experienc- 
ed with austenitic alloys. 

A form of cracking or accelerated pitting is found as 
illustrated by Fig.5, which shows a typical area found 
in a specimen tested at 250°C with 3°,NaCl solution. 
The behaviour of this steel in high-pressure steam is 
superior to that of 18-8 materials, no attack whatever 
being found under dewpoint or superheat conditions 
with chloride contaminated samples. FV 520 has quite 
a good resistance to all conditions, but failure can 
occur in boiling 3°,NaCl with mixed inter- and trans- 
crystalline cracking and general attack. In high-tem- 
perature solutions the life is superior to that obtained 
on 18-8 steels and very little cracking is present. 
Severe non-selective pitting occurs and failure is prob- 
ably due more to reduction of the effective cross- 
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section by this than to actual cracking. As with 
FV 560, contaminated specimens exposed to high- 
pressure steam show no cracking whatever, but some 
slight pitting is sometimes present. 

Caustic alkali environments 

The attack on austenitic steels coated with NaOH 
(MP 318°C) and exposed to superheated steam at 
330°C and 1500 Ib/in? is in the form of transcrystalline 
cracking almost identical to that found under dew- 
point conditions with NaCl. With KOH, cracking is 
transcrystalline at temperatures above the MP 
(380°C) and mainly in’ ine below this tem- 
perature. Behaviour in high-temperature solutions is, 
however, completely different, cracking with both 
NaOH and KOH is almost entirely intercrystalline 
with solutions of up to 50% at a temperature of 300°C. 
This intercrystalline behaviour in caustic solutions is 
dependent on solution concentration and alloy compo- 
sition, particularly carbon content; FCB material with 
a carbon content of 0-07—0-11% shows intercrystalline 
cracking, FSL (carbon 0-027%) exhibits transcrystal- 
line cracking under similar conditions. This was 
demonstrated clearly in a previous paper? and con- 
firmed with a series of alloys of 20-20 Cr—Ni composi- 
tion. In tests with FCB, increasing the strength of the 
solution to 75% produced mixed inter- and trans- 
crystalline cracking, indicating a gradual change in 
behaviour from strong solutions to the molten salt.In 
the present series, FDP and Immaculate 5, as well as 
FSL, showed transcrystalline cracking in 20°,Na0H. 
Some specimens of FDP and that of EMS showed no 
cracking other than the fracture and in these the fail- 
ure appeared to be due to general attack reducing the 
effective cross-section and resulting in tensile failure. 
Resistance of the ferritic and martensitic alloys to 
caustic solutions is less than to chloride solutions, 
failures being due to general attack. Behaviour of con- 
taminated specimens in steam, however, is very good; 
no failures occurred in tests lasting 485 and 1010 h 
with FV 560 and 909 h with FV 520, but some slight 
general intercrystalline attack was found with FV 560. 


COMCLUSIONS 


Under most chloride and caustic conditions all the 
18-8 type steels behaved similarly with the exception 
of the 18-8 Ti type, which contained considerable 4 
ferrite. 

Increased nickel content giving a more stable 
austenite confers greater resistance to stress corrosion 
cracking and the 12%Cr, 12%Ni, and 25%Cr, 20% Ni 
types have very good resistance under all the test 
conditions. 

High 4 ferrite content, as in the 18-8 Ti type 
material, improves resistance to solutions boiling 
under atmospheric pressure and to high-temperature 
caustic solutions, but this behaviour is sometimes 
erratic and with high-temperature chloride solutions 
presence of 4 can be detrimental. 18% Cr, 8-12%Ni, 
3%Mo steels show little or no improvement over non- 
molybdenum varieties except perhaps in the super- 
heated steam. 

The ferritic alloys do not suffer stress-corrosion 
cracking under the conditions employed in these tests, 
but general attack or a form of acute pitting is found 
under severe conditions. The 20% Cr steel with Mo and 
Nb’ shows great improvement over the austenitic 
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steels in chloride environments at high temperatures, 
but suffers general attack in high-temperature caustic 
solutions. 

Martensitic alloys (including some not covered in 
the present work) do not suffer rapid stress-corrosion 
cracking in steam and high-temperature solutions, 
although like the ferritic alloys, general attack occurs 
under severe conditions. Failures do occur in boiling 
chloride solutions depending on hardness and temper 
condition, but the cracking in this case is often limited 
to a single crack and may be due to a form of hydrogen 
embrittlement; this will be discussed more fully in a 
future paper. 

Finally then, it may be said that, of the alloys tested, 
the ferritic alloy with 20°%Cr plus Mo and Nb offers the 
best overall resistance to chloride environments with 
the 25% Cr, 20°Ni steel giving almost equal perform- 
ance. Behaviour in caustic environments is much less 
predictable, but here the higher nickel alloys show 
some superiority and presence of 4 ferrite in an 18-8 
steel may be beneficial. 
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The hardness of iron, low-carbon steels, and 


cast iron roll materials at various temperatures 


E. R. Petty, B.Sc., Ph.D. and Hugh O'Neill, M.Met., D.Sc. 


INTRODUCTION 


EVER SINCE STROMEYER suggested! that nitrogen was a 
cause of strain-ageing effects in commercial mild 
steels, and Brinell? showed a peak in their ball hard- 
ness values in the 300°C range, there has been much 
investigation of this ‘blue heat’ phenomenon. The 
magnitude and position on the temperature scale of 
the peak is known to show variations, and these prob- 
ably depend upon the impurities present, and the 
straining rate of the deformation test. Pyramid hot 
hardness tests with geometrically similar indentations 
have previously given interesting results and some 
further work has been undertaken on this subject. 
Tests have also been performed at higher tempera- 
tures on steels, spheroidal graphite iron, and cast iron 
roll materials because of the shortage of data on them. 


TEST PROCEDURE AND MATERIALS 


A modified Bens-type specimen furnace was used on a 
Vickers hardness testing machine and has been 
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SYNOPSIS 

Blue hardening in low-carbon steels and ‘pure’ iron is 
investigated and inierpreted as an increase in the strain 
hardening capacity. 

The hardness of steels at higher temperatures is com- 
pared with that of spheroidal graphite iron, and a rela- 
tionship is shown between hardness and tensile strength 
for these materials over a wide range of temperature. The 
softening of hot roll irons has also been measured in the 
working temperature range. 1916 





described elsewhere.* An atmosphere of purified dry 
hydrogen was maintained in the furnace and the test- 
ing loads ranged from 1 to 100 kg with 3-4 s load 
application and 15 s maintenance. 

The composition of the test specimens is given in 
Tables I and II. The production details of the three 
basic OH low-carbon steels were almost identical 
except for the addition of 3 lb Al/ton to the stabilized 
non-ageing steel S1. These steels were received in the 
hot-rolled condition and were first annealed for 30 
min in vacuo at 850°C. For comparison, a sample of 
BISRA vacuum-cast ‘pure iron’ was used. After 


Journal of The Iron and Steel Institute February 1961 


























142 








DPN LOG SCALE 











60} 
4 i L i os 
0 100 200 300 500 
TEMPERATURE, °C 
© Pure iron annealed v SIA 
@ Pure iron 30% RA heating f] R3B 
X Pure iron 30% RA cooling @R3A 


v RI hot rolled 
1 ‘Blue-hardness’ of low carbon steels and ‘pure’ iron in the 
annealed and work-hardened conditions 


annealing at 950°C in vacuo for 1 h this had a Vickers 
hardness of 55. 

Samples were cut from the surface of the five new 
rolls described in Table II. In chilled rolls there is a 
hardness gradient from the surface inwards, so the 
working faces were polished and tested. 


RESULTS 
‘Blue hardness’ effects in ferrite 


The results of pyramid tests from room temperature to 
500°C are shown in Fig.1. The initial greater hardness 
of stabilized steel $1 over rimmer R3A is due in part 
to the finer grain size of the aluminium-treated steels, 
and probably also to the slightly higher S of 81. It may 
be seen that the curve for 81 falls as the temperature 
rises to 100°C, due to normal thermal softening. The 
hardness then rises to a maximum at 270°C, and 
subsequently softens rapidly. The curve for R3A 
starts almost 20 DPN below 81, but does not soften up 
to 100°C. Above 120°C it rises steeply to the peak at 
270°C, at exactly the same temperature and almost 
the same hardness value as S1. Like S1 it softens rapid- 
ly above 300°C, 

To investigate any possible effect of different grain 
sizes on strain ageing in this test, one specimen of R3 


TABLE | Analyses of steels 
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was coarsened at 950°C in vacuo for 1 h. The hardness 
of this steel up to 300°C is shown as R3B in Fig.1. The 
curve runs parallel to that of R3A so that the effect of 
this larger grain size treatment on the hardness peak 
is negligible. 

A sample of rimmer R1 in the hot-rolled condition 
had an initial hardness of 150. This means that as it 
has been cooled through the blue-heat range after 
rolling, it is in the aged condition, and is also presum- 
ably slightly strain hardened. A test was performed to 
compare the hot hardness of this steel with the hot 
hardness of cold-worked steels, which it had been 
shown‘ increases immediately above room tempera- 
ture up to the maximum in the blue-heat range. This 
hot-rolled metal, unlike unaged cold-worked material, 
showed a decided fall in hardness up to 200°C, followed 
by a sharp peak above 250°C. Rapid softening occurred 
at 450°C and the metal on cooling to room tempera- 
ture was in the recovered condition with a hardness of 
89 DPN. 

The tests on the ‘pure’ iron showed that even the 
small amounts of interstitial elements present still 
gave appreciable strain age hardening (see Fig.1). In 
the annealed condition it began to soften slightly 
above room temperature, but above 100°C the hard- 
ness rose (>40°%) to a peak at 270°C. A test was also 
run on a sample of this iron after cold-working 30% 
RA by rolling. The hardening peak was now only 10%, 





Reference Material Carbon 





Manganese Sulphur Phosphorus Aluminium Nitrogen 
AHP 15 ‘Pure’ iron A. 950°C, 1 h (0:;0-0015%) 0-0036 0-005 0-0044 0-001 0-02 0-0017 
81 Al-stabilized steel, A. 850°C, 4h 0-08 0-36 0-036 0-013 0-046 0-0052 
Ri Rimming steel hot rolled 0-07 0-32 0-03 0-013 0-015 0-0022 
R3A Rimming steel A, 850°C, $ h 0-08 0-37 0-03 0-014 0-015 Se 
R3B Rimming steel A, 950°C, Ih 
Manganese steel 1-25 12-8 
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higher due presumably to the introduction of more 
dislocations, as discussed below. 

To compare the results with a steel of high work 
hardening rate and with a face-centred cubic structure, 
a sample of manganese steel was tested in two condi- 
tions, namely water quenched from 1000°C, and strain 
hardened. The results shown in Fig.2 indicate a 
smooth thermal softening with no strain age hardening 
at all. 


Steels at higher temperatures 

Above 500°C the hardness of the rimming and sta- 
bilized steels were almost identical, so Sl was taken as 
typical and tested up to 950°C. The results are includ- 
ed in Fig.3. 

Rapid softening was observed above 400°C with a 
slight hardening from 24 DPN at 710°C to 24-5 DPN 
at 720°C. This was confirmed in other runs, and the 
result can be accepted as real when it is considered 
that the hardness is falling rapidly 10°C above Ac, 
(19-5 DPN) and rising rapidly 10° below Ac, (27 
DPN). This rise is due to the appearance of austenite, 
probably as fine particles giving dispersion hardening. 
At the magnetic transformation, 768°C, a disturbance 


TABLE I! Analyses of cast irons 
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in the smooth fall of the hardness curve was indicated. 
Ellis® also showed a change of'slope towards decreasing 
malleability in impact compression tests at the same 
temperature. There was a striking increase in the hot 
hardness at Ac, from 7 DPN at 890°C to 20 DPN at 
900°C, i.e. almost threefold. A similar increase has 
previously been observed by Chubb® in pure metals. 
Ellis® showed a similar peak at A, in malleability 
tests, and in hot rolling a maximum roll pressure has 
been observed’ at 900°C. 

Due to excessive wear of the tip of the diamond at 
these temperatures, no tests were performed above 
950°C. This erosion was due to solution of carbon 
from the tip of the diamond by the iron. 


Spheroidal graphite irons 

Nodular irons have become standard engineering 
materials in the last few years, yet data concerning 
their properties are limited. Nodular irons were 
obtained from BCIRA, the pearlitic PNI being as cast, 
while the ferritic FNI had the following treatment: 8 h 
at 900°C, furnace cooled to 690°C, held there for 16h 
and furnace cooled. Analyses are given in Table IT and 
hardness results in Fig.3. 

The main features of both are the blue-hardening 
peak at 250° to 300°C, rapid softening above 400°C, a 
small kink at Ac, (720°C) and a peak at 900°C. In all 
the runs on FNI above 850°C, re-solution of the 
graphite occurred, and was accompanied by a hard- 
ness rise from 140 to 190 DPN. With PNI the hardness 
after heating above 900°C fell from 254 to 186. It is 
interesting that the hardness of these materials and 








Total 
Reference DPN carbon Silicon Nickel Chromium Molybdenum Magnesium Cerium Structure 
Spheroidal irons 
FNI 140 3-6 201 0-66 0-7 0-015 
PNI 250 
FN (ref.8) 140-190 3:5+0-2 2-5+40-2 0-1-2 0-05-0-08 
PN (ref.9) 240-290 3-6 2-66 0-66 0-08 
Rolls 
Z.2 455421 ot. “67 0-20 Carbide in pearlite matrix 
Y.314 490+ 30 “16 1-17 3-68 0-12 0-75 : 
1810 514435 3-01 1:10 3-68 0-09 0-92 ee ee 
8719 280+25 2-16 0-52 0-69 1-05 Carbide in a spheroidized pearlite matrix 
2H/1 285+11 2-11 0-55 0-51 13-0 Experimental roll 
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the low-carbon steels seem to converge, and above 
700°C they are almost identical in spite of the great 
difference in composition. 

Average values for hot tensile strength and creep 
rupture strength have been previously summarized®: ® 
for ferritic and pearlitic nodular irons. The analyses 
and microstructures of these irons are very similar to 
PNI and FNI (see Table IT). The present hot hardness 
results have consequently been used in Fig.4, which 
shows the relation UTS (lb/in?)=400 x DPN for both 
these materials at temperatures at least up to 1400°F 
(760°C). The constant 400 is very close to that shown 
previously for a wide range of carbon and alloy steels.’ 
The relation between hardness and creep resistance 
has been reported elsewhere.* 


Hot roll irons 


It has been observed that the life of a roll is usually 
longer, the greater the hardness, but there is no pre- 
cise relationship between surface hardness and life," 
A more reasonable measure of hardness might be that 
at service temperature but no work has been found in 
the literature on the hot hardness of these materials, 
so various roll irons were examined to determine the 
rate of softening up to 500°C, a surface temperature 
often attained in service. 

In view of the coarseness of the structure, the varia- 
tion in hardness from point to point was checked on 
specimens of each iron by making a pattern of Vickers 
indents on the surface. The scatter given in Table IT 
was allowed for when drawing smooth curves through 
the experimental points in Fig.5. About 30 hardness 
impressions were made in each iron over the tempera- 
ture range 20-500°C, but for clarity these are not 
shown in the figure. 

Figure 5 shows that the room temperature hardness 
is not a reliable guide to the hardness in the working 
range, i.e. up to 400-500°C. The chilled iron roll 1810, 
which is the hardest at room temperature, is softer 
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than both Y.314 and Z.2 at 500°C, suggesting that in 
service, the two initially softer rolls are at least as 
good as the harder one, life usually depending on 
abrasion resistance which can be measured approxi- 
mately by hardness.}* 

The experimental roli 2H/1 has a good resistance to 
thermal softening in this temperature range, and there 
is not a great difference between its hardness at 550°C 
and that of the three very hard (and more brittle) 
chill rolls. 

To examine the effect of prolonged heating on these 
chill roll materials, some tests were carried out on Z.2, 
1810, and 8719. In these, the hardness was determined 
at 450°C on direct heating, the temperature was raised 
to 550°C and allowed to fall slowly to 450°C where it 
was held for another hour before remeasuring the. 
hardness. It was considered that these heating con- 
ditions would be equivalent to a very much longer 
time at 450°C, representing rolling conditions over a 
long period. In all cases the change in hardness both at 
450°C and at room temperature was well within the 
scatter band for each iron. This suggests that holding 
at temperatures up to 450°C has little, if any, per- 
manent effect on these roll materials. 


The hardness increase in the blue-temperature range 
must be a reflection of a change in the strain-hardening 
capacity of the steels. The point was considered by 
Jenkins!* who measured ‘absolute strainless hardness’ 
by annealing Brinell indents in commercial iron, re- 
seating and reloading the ball and repeating the 
annealing—loading process until the diameter of impres- 
sion did not change. While changes in grain size and 
other effects enter into this procedure Jenkins con- 
cluded that the ‘absolute’ hardness did not increase in 
the blue-heat range, but the strain hardening capacity 
did. 

This conclusion is supported by the work of 
Schwarz'* who carried out ‘Meyer analysis’ (ball test) 
on an unkilled steel and found that the work-harden- 
ing index n increased from 2-22 to 2-43 in the region 
200-300°C. 
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Ludwik and others have shown for the tensile test 
that: 
Y=Keé 


where Y is flow stress, ¢ is strain, and z is the strain- 
hardening index. According to Tabor!® 


r=n—2 


where n is the Meyer ball test strain-hardening index. 
The tensile ‘stress-reduction’ curves of steels at 
various temperatures obtained by Kérber and Ro- 
land'* show increased work-hardening in the blue 
range and the recent work of Glen!’ provides more 
information. At a straining speed of 0-015 in/min he 
obtained true stress/strain diagrams on the Mac- 
Gregor basis at temperatures up to 600°C. We have 
determined the strain hardening index m from his 
diagrams and some of them for a 0-1°% carbon steel 
are shown in Fig.6. These graphs are similar to our 
hardness curves, with a maximum at 200°C in the 
rimming steel and only a slight rise in the fully killed 
material. It is evident that the blue-hardening phenom- 
enon is associated with a rise of work-hardening 
capacity in the appropriate temperature range. 
Garofalo et al.'*.1® made pyramid hot hardness 
tests on steels with a load application time of 25 s. 
Low-carbon rimming steels gave a hardness peak at 
250°C while a deoxidized steel first softened and then 
rose to a peak at about the same temperature as 
before. Steels alloyed with titanium and slowly cooled 
to precipitate carbides and nitrides did not exhibit 
blue hardening, and the same applied to treatment in 
moist hydrogen to remove carbon and nitrogen. At all 
temperatures below ~250°C N contributes to a much 
greater extent to strain-age hardening than carbon, 
and below 100°C the latter does not contribute at all 
to the hardening as measured by the Vickers test. 
Results on the ‘pure’ iron AHP15 are of interest as 
the percentages of interstitial elements are near the 
minimum”® required for strain ageing, namely 0+0004 
at-°% (values for carbon and nitrogen in AHP15 are 
0-00063 and 0-00034 at-° respectively). The curve 
for the annealed metal (Fig.1) shows that below 100°C 
there is no hardening, thus the amount of nitrogen 
present is too small to promote strain ageing. Above 
100°C, carbon begins to exert its influence, and, as 
diffusion rate and solubility increases, its hardening 
effect also increases, and the iron, although of 99-97% 
purity, shows a high degree of strain-age hardening. 
The total concentration of interstitial atoms in this 
iron is ~10!° atoms per cm?. This allows of the order 
of 100 atoms per dislocation line per atomic plane in 
the annealed metal*! which is more than enough to 
form an atmosphere, and hence strong strain-ageing 
results. When the dislocation density is increased up 
to 10!4-10"" by cold work there will not be enough 
interstitials to anchor them all, and strain-ageing is 
reduced. This is evident on a comparison of the curves 
for AHP15 in Fig.l, the relative hardening of the 
annealed metal being very much greater than that of 
the cold-rolled iron. There is no strain-ageing up to 
175°C in the latter material, by which temperature all 
the nitrogen is soluble,*® showing that 0-0017%N is 
not enough to produce detectable hardening on its 
own. Above 200°C the combined effect of carbon and 
nitrogen gives rise to a reduced strain ageing peak at 
250°C. This might be aided by the possible removal of 
some dislocations by recovery. Hardness values deter- 


mined on cooling from 290°C all lie above the heating 
curve, indicating that all available interstitials have 
diffused to and anchored many dislocations which 
were previously freed by cold rolling. This is in con- 
trast with the hot-rolled and with the annealed steels 
which cooled to the same or even to lower hardness 
values after runs into the blue heat range. 

We are now in a position to describe the situation 
during hot deformation of steels by the hardness test. 
Cottrell’s explanation of the yield point is not enough 
per se to explain the hardness rise aboye 200°C. He 
discussed the higher yield point which obtains at room 
temperature after ageing, but when steel is at 200°C 
the yield point is actually lower,'? even though the 
hardness has increased. This is because the hardness 
test is not simply a measure of the yield point, it is also 
influenced by the rate of strain hardening after yield- 
ing. 
During plastic straining (by an indenter in this case) 
dislocations multiply up to a value in the region of 
101! per cm? in 0-1°%C steel*®, with the 8% ‘representa- 
tive plastic deformation’ obtained with a pyramid 
indenter.'* If the new dislocations are caught by inter- 
stitials as soon as, or quickly after, they are formed, 
this will constitute rapid strain-age hardening; such a 
situation can occur as the temperature is raised. The 
increasing concentration of carbon and nitrogen in 
solution at elevated temperatures might also contri- 
bute to the hardening; the Meyer n index is known to 
increase with solute amount. 

Above the blue heat range the hardness falls off and 
Meyer n approaches 2-()1* due to the ease of escape of 
dislocations from their atmospheres (the binding 
energy of which falls with rising temperature) and 
normal thermal softening predominates. 


SUMMARY AND CONCLUSIONS 


‘Blue hardening’ was investigated by the hot hardness 
technique, and discussed with reference to tensile and 
other results available in the literature. It is concluded 
that the hardness peak at 250°C is a reflexion of an 
increase in strain-hardening capacity. It is interesting 
that a “blue hardening’ peak also obtains for nodular 
cast irons, but not for austenitic manganese steel. 

The well known relation between hardness and ulti- 
mate tensile strength for steels is also obeyed by the 
nodular cast irons, at least at elevated temperatures. 

Hot hardness tests on cast iron roll materials explain 
why it is difficult, if not impossible, to relate the life of 
rolls to their room temperature hardness. These rolls 
soften to different degrees at temperatures in the 
working range. 


ACKNOWLEDGMENTS 


The authors would like to thank the following for 
kindly supplying the materials used in this investiga- 
tion: Steel Company of Wales Ltd, Abbey Works; 
Midland Rollmakers Ltd; BISRA; and BCIRA. One of 
the authors (E.R.P.) would like to acknowledge a 
grant from DSIR. 


REFERENCES 

1. C. E. Srromeyver: J/SJ, 1909, (1), 404-420. 

2. J. A. Brovetu: Iron and Steel Mag., 1905, 9, 16. 

3. E. R. Perry and H. O’Nemx: Metallurgia (in the press). 

4. A. Sauveur: Trans. Amer. Soc. Steel Treat., 1930, 17, 410. 


Journal of The Iron and Steel Institute February 1961 


elt, eee Se SACP 


a 


sinks Sh RR 


























146 Barford and Owen Effect of austenite grain size and temperature on bainite formation 


5. O. W. Exxts: Carnegie Schol. Mem. (ISI), 1924, 13, 47. 
6. W. Couns: J. Met., 1955, 7, (1), 189. 

7. G. Watiquist: JISI, 1954, 177, 142-158. 

8. F. B. Fotey: Trans. ASME, 1956, 78, 1435. 

9. C. R. Wirxs et al.: Trans. ASM., 1955, 47, 611. 

10. F. Garorato et al.: ibid., 1953, 45, 377. 

ll. P. Green: Iron and Steel Ind., 1936, 9, (8), 283. 

12. M. M. Tengenspavum: Zhur. Tekh. Fiz., 1957, 27, (5), 1106. 
13. C. H. Jenxuns: J. Inst. Met., 1932, 48, 209. 

14. O, Scuwanrz: Forschungsarbeiten, 1929, 313. 








15. D. Tapor: “The hardness of metals’, 1951, Oxford. 

16. F. Kénper and W. Rontanp: Mitt. K-W Inst. Hisen- 
forsch., 1924, 5, 55. 

17. J. Gumn: JISI, 1957, 186, 21-48. 

18. F. Garorato and G. Smrra: Trans. ASM., 1955, 47, 957. 

19. F. Garorato et al.: ibid., 1957, 49, 372. 

20. W. R. Tomas and G. M. Leax: JISI, 1955, 180, 155. 

21. A. H. Corrgett: ‘Progress in metal physics—1’, 77; 1947, 
Pergamon Press, London. 

22. L. J. Disxsrra: Trans. AIME, 1949, 185, 252. 


The effect of austenite grain size and 
temperature on the rate of bainite formation 


J. Barford and W. S. Owen 


INTRODUCTION 


TO OBTAIN A RANGE of austenite grain size, widely 
different austenitizing temperatures have to be 
employed. Thus, it becomes necessary to separate 
effects due to the austenite grain size and those 
due directly to the austenitizing temperature. In the 
present re-examination of the problem the experi- 
ments have| been arranged in a manner which permits 
separation of these two variables. Further, unlike some 
of the ear work, a distinction is made between 
reaction in the upper and in the lower bainite range. 

The available data concerning the effect of austen- 
itizing conditions on the course of the bainite reaction 
are conflicting. Davenport et al.? found in a 0-37%C, 
0-77%Mn, 0-98°% Cr steel that on increasing the austen- 
ite grain size from ASTM 7-8 to 2-3 the rate of bainite 
formation is unaffected. Cottrell and Ko‘ investigated 
the effect of high-temperature austenitizing on. a 
number of hypo-eutectoid low-alloy steels. For En25 
and En26 the rate of reaction to bainite is increased on 
increasing the austenitizing temperature from 950° to 
1300°C. This effect was found to be reversible to some 
extent. That is, if after austenitizing at 1350°C the 
temperature is reduced to 950°C and held for some 
time before quenching, a partial reversion to the slower 
reaction typical of a single austenitizing treatment at 
950°C, is obtained. The accelerating effect has been 
attributed to the smoothing out of sub-microscopic 
heterogeneities which hinder the full growth of acicular 
bainite. However, a hyper-eutectoid steel, En31, 
showed a retardation in the rate of bainite formation 
on raising the austenitizing temperature. 

Recently, Graham and Axon® investigated the 
effects of grain size and austenitizing temperature on 
the transformation to lower bainite in a 0-97% plain 
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SYNOPSIS 

The effects of austenitizing conditions on subsequent iso- 
thermal transformation of some Fe-Mn-C alloys to 
bainite have been examined using electrical resistivity 
measurements to follow the kinetic changes. The sequence 
of austenitizing treatments was arranged so that effects 
due to change in the austenite grain size could be separ- 
ated from those due to submicroscopic effects determined 
solely by the austenitizing temperature. In these alloys 
both wpper and lower bainite is nucleated at the austenite 
grain interface and it is shown that the time to any 
chosen percentage reaction less than 25°%, is directly pro- 
portional to the mean austenite grain diameter. An 
explanation of this behaviour is suggested. On increasing 
the austenitizing temperature from 900° to 1000°C the 
submicroscopic effect retards the rate of upper bainite 
formation but on further increasing the austenitizing 
temperature the bainite reaction rate is increased. This 
result can be understood if it is assumed that the wpper- 
bainite nucleus is closely related to ferrite. 1917 





carbon gteel. It is claimed that the individual effects of 
grain size and austenitizing temperature were separ- 
ated. Specimens were austenitized for times ranging 
from 4 to 360 min at temperatures of 835°, 900°, and 
990°C, and fully reacted at 266°C. It was found that 
there is an initial decrease in the decomposition rate 
followed by an increase, the minimum rate occurring 
at shorter holding times with increasing austenitizing 
temperature. The initial retardation was attributed 
to increasing carbide solution, and the subsequent 
acceleration to the onset of grain growth. 

In further experiments specimens were austenitized 
at temperatures ranging from 860° to 990°C for times 
chosen to ensure complete carbide solution and to 
establish a grain size of ASTM6. It was found that the 
times to 5% and 95% reaction at 266°C increased with 
increasing austenitizing temperature up to a tempera- 
ture of about 950°C, after which the curves flattened 
out. These results were taken to mean that, upon 
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eliminating effects due to different grain size and in- 
complete solution of carbides, in the lower bainite 
range there remains an effect due to the austenitizing 
temperature. The effect was said to be reversible in a 
similar fashion to that noted by Cottrell and Ko,* but 
the relevant experimental data given by Graham and 
Axon® are very scattered. 


EXPERIMENTAL METHOD 

A very sensitive electrical resistivity method, which 
has been described elsewhere,’ was used to measure 
the kinetics of bainite formation. The alloys were 
made by gas-carburizing high-purity binary iron- 
manganese alloys and the consistency of composition 
was checked by electrical resistivity measurements. 
The compositions are listed in Tabie I. 

In the first series of experiments the change in reac- 
tion rate due to changes in the austenite grain size 
alone was investigated. The austenite grain size was 
established by heating 0-01-in dia. wire specimens for 
5 min at selected temperatures in the range 1000- 
1250°C by means of an ac current. Each specimen was 
then cooled to and held at 1000°C to standardize any 
effects other than grain size produced by the austen- 
itizing. It was then gas-quenched to the selected iso- 
thermal reaction temperature in the bainite range. 
The effect unrelated to the grain size presumably 
requires finite time to reach equilibrium at a specific 
temperature, and therefore a preliminary investigation 
was undertaken to determine a suitable holding time 
at 1000°C. By varying the time at 1000°C in otherwise 
identical experiments it was found that equilibrium 
was attained in less than 1 min; which suggests that if 
the effect depends on diffusion in the austenite the 
distances involved are small. In all subsequent experi- 
ments a 5-min holding period at 1000°C was used. 

The grain size of every specimen was measured by 
lineal analysis and to ensure the best possible accuracy 
the specimens were only partially reacted (to about 
25% transformation). In the upper bainite range the 
austenite grain boundaries were clearly delineated, but 
in specimens reacted in the lower bainite range the 
measurement of the austenite grain size was more 


TABLE | Composition of alloys 








Identification %C %Mn 
Mn1011 1-09 1-00 
Mn1014 1-40 1-00 
Mn1512 1-20 1-49 
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difficult, owing to the acicular nature of the micro- 
structure. A thorough high-magnification examination 
of every specimen showed that complete solution of 
carbides was achieved in all experiments. The volume 
fraction of bainite in each specimen was measured by 
point counting, and a partial transformation curve was 
plotted from these values and from the measured 
variation of specimen resistivity with time. 

The second series of experiments was designed to 
reveal the effect of the austenitizing temperature per se 
on the reaction rate. Specimens of a standard grain 
size were prepared and then held for a standard time 
at a lower temperature in the austenite range before 
quenching to the bainite reaction temperature, To 
ensure that all the specimens had the same austenite 
grain-size, the temperature at which the grain size was 
established (1200°C) was always the highest in any 
thermal sequence. 

The experimental procedure consisted of holding the 
specimen at 1 200°C for 4 min, followed by a rapid cool 
to a lower austenitizing temperature in the range 
900-1200°C and a further holding for 5 min. The 
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4 Alloy Mn1011, austenitizing at 1100°C for 5 min and at 
1000°C for 5 min and partially reacted at 366°C x 300 


specimen was then quenched to and partially reacted 
at a temperature in the upper bainite range. As before, 
the change in potential across the specimen during 
reaction was measured continuously and partial trans- 
formation curves were plotted. 


EXPERIMENTAL RESULTS 
Variable austenite grain size 


In all the experiments in this series the final austenitiz- 
ing temperature was the same (1000°C). The partial 
transformation curves for alloy Mn1014 at reaction 
temperatures of 370°C and 280°C are shown in Fig.1 for 
different maximum austenitizing temperature. In 
Fig.2 the time to reach y% reaction is plotted 
against the maximum austenitizing temperature; that 
is, against the temperature at which the grain size was 
fixed. Increasing the austenite grain size, while keep- 





6 Alloy Mn1011, austenitized at 1100°C for 5 min and at 
1000°C for 5 min and partially reacted at 277°C x 300 


ing other possible variables constant, exerts a con- 
siderable effect on the rate of both upper and lower 
bainite formation; the retardation increasing rapidly 
on increasing the grain size fixing temperature above 
about 1100°C. The variation in austenite grain size 
with austenitizing temperature is shown in Fig.3. The 
values correspond to a range of grain size from ASTM 
7 to 3. The shape of the curve is similar to those in 
Fig.2. The grain growth increases rapidly with tem- 
peratures above about 1100°C. 

A similar set of data was obtained for alloy Mn1011. 

Figures 4 and 5 show specimens partially reacted at 
366°C after austenitization at temperatures of 1100° 
and 1250°C respectively. In both cases it is clear that 
the upper bainite has nucleated almost exclusively at 
austenite grain boundaries. In the large grain speci- 
men the grain boundary precipitate consists of a dense 
even band. Figures 6 and 7 show specimens after 





§ Alloy Mn1011, austenitized at 1250°C for 5 min and at 7 Alloy Mni0@11, austenitized at 1250°C for 5 min and at 


1000°C for 5 min and partially reacted at 366°C x 300 
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austenitization at 1100° and 1250°C respectively and 
partial reaction in the lower bainite range (277°C). 
Although lower bainite does not form the dense grain- 
boundary allotriomorphs observed in upper bainite 
specimens, it is clear that in the large grain specimen, 
at least, nucleation occurs predominantly at the 
austenite grain boundary. 


Constant grain size, variable final austenitizing temperature 


All the specimens in this series had the same austenite 
grain size. The effect of the final austenitizing tempera- 
ture on the rate of bainite formation at 370°C is shown 
in Fig.8. A marked retardation of the reaction is pro- 
duced by holding at temperatures in the region of 
1000°C. Increasing or decreasing the austenitizing 
temperature accelerates the reaction. The retardation 
at about 1000°C is most marked in the higher man- 
ganese alloy. 


The present results show clearly that in high-purity 
steels containing a little manganese the rate of trans- 
formation of austenite to both upper and lower bainite 
is substantially reduced by increasing the prior austen- 
ite grain size. This effect can be attributed directly to 
grain-boundary nucleation of bainite in both the upper 
and lower temperature ranges. Grain boundary 
nucleation is clearly evident in Figs.4—7. These experi- 
mental results are in direct conflict with those of 
Graham and Axon who claim that increasing the 
austenite grain size accelerates the lower bainite 
reaction in a plain carbon steel. This, they hold, sub- 
stantiates a shear mechanism theory for lower bainite 
formation; larger grains easing formation by reducing 
the matrix back pressure to the allotropic change. 
However, it is difficult to relate this mechanism to any 
recognized physical process. Further, homogeneous 
nucleation of bainite is implied and the present results 
show that, at least in some alloys, nucleation is hetero- 
geneous. Rejection of this model does not exclude the 
possibility of a shear mechanism operating during the 
growth of a bainite plate from a nucleus formed at or 
near a grain boundary. 

In alloy Mn1014 the ratio of the time to 20% trans- 
formation after austenitizing at 1250° and 1000°C is 
2-4 for upper bainite and 2-7 for lower bainite. Investi- 
gation of the kinetic behaviour of a series of Fe~C-Mn 
alloys has shown that a retardation of such a magni- 
tude requires an increase in carbon content of the 
austenite of about 0-6°%.7 Therefore, the retardation 
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with increasing austenitizing temperature cannot be 
due to increasing carbide solution. 

The time to y% reaction as a function of grain 
diameter is shown in Figs.9 and 10. The plots are linear 
up to a grain diameter of about 0-005 in. A few points 
lie off the line, but this slight discrepancy is undoubt- 
edly due to the errors involved in measuring large 
grain sizes in a 0-Ol-in dia. wire specimen. Quite 
generally 


ty—t, = Kd 


where ¢, is the time to y% reaction and d is the 
average grain diameter; K is a proportionality con- 
stant. 

This result is understandable if it is assumed that 
the number of nuclei per unit volume is the only time- 
dependent variable in the reaction kinetics. That is, it 
has to be assumed that the growth of the bainite 
plates is extremely rapid compared with the nuclea- 
tion frequency so that each nucleus can be considered 
as representing a fixed average volume fraction of 
transformation. Applying this to the y% reaction 
curve, if N, is the number of nuclei per unit area of 
austenite grain boundary interface, S the area of inter- 
face per unit volume of specimen, and ¢ the time 
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where JN, is the number of nuclei per unit volume of 
specimen needed to produce y% transformation. 
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TABLE I! Values of K for Mn1011 and Mn1014 








: Reacted at Reacted at 
% reaction 366°C, s in-! 277°C, s in~! 
MniI011 0-1 1-05 x 104 1-02 x 105 
1-0 1-17 x 10* 1-15 x 105 
10-0 2-01 x 104 2-66 x 105 
Mn1014 0-1 1-42 x 104 1-47 x 105 
1-0 1-42 x 104 2-03 x 105 
10-0 2-08 x 104 4-06 x 105 
20-0 2-53 x 104 5-08 x 105 
25-0 2-76 x 104 





If the further assumption is made that the nucleation 


frequency per unit interfacial area is constant and 
equal to J, 


WIE oc a (3) 


Since the nucleation has been shown to be hetero- 
geneous and sites will be used up as the reaction pro- 
ceeds, it might be expected that the nucleation fre- 
quency will progressively decrease.!! However, Turn- 
bull'* has shown that when the transient nucleation 
effect is taken into account the nucleation frequency 
increases rapidly from zero to a steady state which 
may persist for some time before decreasing. The pres- 
ent assumption of a constant value of J, implies that 
the effect of the exhaustion of sites does not cause a 
deviation from the steady-state nucleation condition 
until more than 25% reaction has occurred. If the 
austenite grains approximate to Kelvin equi-edged 
tetrakaidekahedrons, the interfacial area per unit 
Ys spe is reciprocally related to the grain diameter, 


3 
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Values of K are listed in Table II. From the foregoing 
assumptions, as y increases NV, increases in direct pro- 
portion and thus, from equation (6) the slope K should 
also increase linearly with y. However, the results 
listed in Table IT show that although the variation of 
K has the predicted trend there is a lot of scatter. 
Therefore no quantitative deductions can be made 
from the present data. However, certain qualitative 
effects can be discerned. In the lower bainite range, for 
each value of y there is a marked increase in K on 
increasing the carbon by 0-3%, but no comparable 
increase for upper bainite formation was noted. If it is 
assumed that NV, is unaffected by the change in carbon 
content, the increase in K for the 0-1°% reaction corres- 
ponds to a decrease in J, of about 35% for lower bain- 
ite and 25% for upper bainite. 

In the case of upper bainite, at higher fractions of 
transformation any decrease in the nucleation fre- 
quency per unit area which may be produced by an 
increase in carbon content would be quickly offset by 
the rapid exhaustion of nucleation sites due to the 
dense grain-boundary allotriomorphic growth (Figs.4 
and 5). In lower bainite the interface is not engulfed in 
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the same way (Figs.6 and 7). This effect can be seen in 
the values of K at 10% reaction where, in the upper 
range, increasing the carbon has no effect, while in the 
lower range K changes in exactly the same ratio as at 
0-1%. 

For 0-1% reaction the value of the intercept ¢, is 
very small; the experimental line appears to extra- 
polate through the origin. As the grain diameter d 
tends to zero, the interfacial area S tends to infinity. 
Thus, when d is very small the possibility of finding a 
small number of embryos of critical size immediately 
after quenching will be close to unity. To produce 1, 
10, 20, or 25% transformation it is necessary to pro- 
duce much larger numbers of nuclei and the intercept 
t, in these cases represents the time required to 
nucleate the necessary numbers of bainite plates in a 
specimen containing an infinitely large interfacial area 
per unit volume. As expected t, increases with y. To 
determine quantitative nucleation behaviour from 
these data it is necessary to know the average volume 
fraction of transformation produced by each bainite 
plate. Unfortunately, no way of obtaining this infor- 
mation was found in the present series of experiments. 

The experimental results concerning the effect of 
austenitizing temperature alone show that the initial 
sub-microscopic condition of the austenite at the 
reaction temperature exerts a measurable effect on the 
subsequent transformation to bainite (Fig.8). Graham 
and Axon® detected only the initial retardation on 
increasing the austenitizing temperature from 900° to 
about 1000°C and they attributed the effect to the 
smoothing out of ‘carbon clusters’ by the increased 
thermal vibrations accompanying an increase in the 
austenitizing temperature. The present results, which 
show that after austenitizing at high temperatures the 
reaction rate increases with austenitizing temperature, 
makes such an explanation untenable. 

The behaviour shown by the results in Fig.8 can be 
readily explained if it is assumed that the bainite 
nucleus is closely related to ferrite and that the num- 
ber and size distribution of the ferrite embryos 
established at the austenitizing temperature is retain- 
ed on quenching to the bainite reaction temperature. 
The number and size distribution of such embryos 
depends upon the difference between the free energy of 
iron in the austenitic and ferritic states, 4Ga—>y. 
Between 900° and 1 200°C this function passes through 
a minimum value! which for pure iron occurs at about 
1000°C. The addition of carbon and manganese to the 
iron will affect the quantitative result because they 
change the temperature range of austenite stability, 
but the general form of the dependence of 4Ga—>-y on 
temperature will be unaltered. The minimum for the 
steels used in the present investigation is not known 
exactly but the limited available thermodynamic data 
suggest that it is very probably in the range 1000- 
1050°C. At this temperature the number of potential 
bainite nuclei will be a minimum and thus the incuba- 
tion period will be a maximum which corresponds with 
the experimental results in Fig.8. As the temperature 
is raised above 1050°C austenite becomes relatively 
less stable and the number of ferrite embryos of 
critical size increases, causing a corresponding reduc- 
tion in the incubation time for the bainite reaction. 
To be consistent with the experimental observation 
that new bainite plates occur only at or near to the 
austenite grain boundary, it is necessary to stipulate 




















that only critical-sized embryos located in austenite 
near to a boundary are considered. 


CONCLUSIONS 


In steels containing between 1-1 and 1-4°%C and 1-0 
and 1-5%Mn, prepared from high-purity materials, 
the kinetics of both upper and lower bainite formation 
are affected by both the austenite grain size and sub- 
microscopic effects dependent only upon the austenit- 
izing temperature. When the latter variable is held 
constant, on isothermal transformation to either upper 
or lower bainite the time to y% reaction, where y 
is between 0-1 and 25%, is a linear function of the 
mean austenite grain diameter. Nucleation occurs at 
the austenite grain boundary. To explain the linear 
relationship it appears to be necessary to assume that 
nucleation is the rate-controlling step in the reaction 
and that the nucleation frequency per unit area of 
interface is constant. 

When the grain size is held constant, the time to 
y% reaction in the upper bainite range increases 
up to a maximum of about 1000°C and then decreases 
with further increase in austenitizing temperature. 


Historical note no. 6 (second series) 
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This result is held to indicate that the bainite nucleus 
is closely related to ferrite embryos in the austenite. 
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Dol-giin or Dolgyn Furnace, near Dolgelley, Merionethshire 


H. R. Schubert 


REMNANTS of the outer casing, about 16 ft square in horizontal 
section, containing the former hearth and the circular boshes, 
still exist, though filled with rubble. The present state is shown 
in Fig.1 which was kindly supplied by Mr D. B. Hague of the 
Royal Commission of Ancient Monuments in Wales and Mon- 
mouthshire, Aberystwyth. 

The site of the furnace was close to the junction of the 
Clewidg with the river Wnion about two mileseast of Dolgelley. 
The Wnion was navigable from Barmouth to Llyn Hir, three 
miles from the furnace.’ The valley of the Wnion was well 
wooded. Ores unduly rich in magnetite associated with lime- 
stone occurred in the vicinity, in particular in the mountain of 
Aran Mawdday, east of Cader Idris. The distinct advantages 
offered by the site may have induced Abraham Darby of 
Coalbrookdale in Shropshire to think of having a blast-furnace 
and a forge erected. The furnace was first planned in 1714, in 
which year John Kelsail, a Quaker schoolmaster, born in 1683, 
was at Coalbrookdale to be instructed in Darby’s method of 
business, and subsequently became his clerk at Dol-gin. It 
was, however, several years before the furnace was erected. 
From 1715 onwards, a stock of charcoal was built up, but in 
1716 this activity was interrupted by a lack of woodcutters. In 
addition, the owners of the woods took advantage of the 
demand by increazing the price of wood, or, as Kelsall put it: 
‘the Country being aware of our necessity did greatly impose 
on us’. 

The fcaundations of the furnace were laid in the summer of 
1718. The first campaign commenced about one year later. 
Producing 446 tons of pig iron in 364 weeks, it was the longest 
and most successful of all the furnace campaigns. It came to an 
end because the charcoal had deteriorated in the three or four 


years in which it had been accumulated. The subsequent life 
of the furnace was one long chain of calamities. Sufficient 
supply of wood for charcoal remained the greatest problem. 
In addition, there were constant technical difficulties, such as 
‘careless accident’, ‘iron growing to hearth’ (i.e. formation of 
a so-called ‘bear’ at the bottom of the hearth), ‘the hearth 
burnt away’. Various remedies were tried. From 1729 red 
hematite iron ore was imported from Lancashire. An ad- 
mixture of slag was tried. The waterwheel was replaced by a 
new one in 1730. 

There is no more news of the furnace after 1743. It does not 
appear in the list of British furnaces of 1789 nor in that 
of 1806.* 
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The forge, first referred to in 1720, was on the left bank of 
the river Wnion eomewhat nearer to Dolgelley. An ironmaster 
‘Edward Thomas of Dolgyn forge’ is mentioned in 1771. There 
appears to have been a short revival of ironmaking activity 
around 1800. In the Salopian Journal of 5 May 1802, Dolgyn 
blast-furnace, a blast engine worked by water power, forge, 
and charcoal were offered for sale. Davies judging by the 
terms of ‘bar iron’ and ‘half blooms’ referred to in the 
advertisement of 1802, presumed that the works had been 
converted into a forge by that time. It is, however, quite 
understandable that in an advertisement for sale only the final 
products and not the pig iron which subsequently was ab- 
sorbed by the forge were referred to. 





lron and Steel Engineers Group 


Meeting in London, 1 and 2 March 1961 


The Forty-Second Meeting of the Iron and Steel 
Engineers Group will be held at the offices of the 
Institute, 4 Grosvenor Gardens, London SW1, on 
Wednesday and Thursday, 1 and 2 March 1961. The 
Chairman of the Group, Mr F. B. Groree, will be in 
the Chair. 


The programme of the Meeting will be as follows: 


Wednesday, 1 March 


2.30-4.30 Presentation of the paper Mechanical and 
electrical features of the Lackenby beam mill 
of Dorman Long and Co. Ltd by A. P. 
CiarK and R. E. Kenperprve (Dorman 
Long (Steel) Ltd). 
Discussion of the mechanical engineering 
section of the paper. 
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Tuesday, 2 March 


10.0-12.30 Discussion of the electrical engineering 
section of the paper by Clark and 
Kenderdine. 


Presentation and discussion of the paper 
Development of electric drives and control 
for high-speed cold-reduction mills by 
H. D. Morean (Steel Company of Wales 
Ltd) and W. Spence (Associated Elec- 
trical Industries Ltd). 


Preprints of the papers will be sent, together with a 
name badge, to all those who register for the meeting. 
A list of those attending will be distributed at the 
meeting. 

Members may bring guests to the meeting. Registra- 
tion forms will be circulated shortly, and should be 
completed and sent to the Secretary by not later than 
Tuesday, 21 February 1961. 


2.30-4.30 











THE IRON AND STEEL 
INSTITUTE 


Annual General Meeting 1961 


The Annual General Meeting of the Institute 
will be held in London on Wednesday and 
Thursday, 3 and 4 May 1961. There will be two 
parallel technical sessions, devoted to ‘The use 
of computers in the iron and steel industry’ 
and to ‘Structural processes in creep’ respec- 
tively. The latter will be a joint meeting with 
The Institute of Metals (see p. 187, this issue). 
Full details will be announced in the Journal 
shortly. 

The Dinner for Members will be held at 
Grosvenor House, Park Lane, London W1, on 


the evening of Wednesday, 3 May. 


NEWS OF MEMBERS 


Sir Julian Pode (Hon. Treasurer) is President- 

elect of BISF for 1961. 
. Antia has been elected a Vice- 

President of the Indian Institute of Metals. 

Mr F. R. Cowlishaw has joined Steel Cords 
Ltd, Derby, as works metallurgist. 

Mr M. J. La has been elected to the 
board of the Steel Company of Wales Ltd. 

Dr B. R. Nijhawan has been elected a Vice- 
President of the Indian Institute of Metals. 

Professor G@. K. Ogale has been elected 
President of the Indian Institute of Metals. 

Miss 1. M. Slade, um... has left BISRA to 
join the Central Electricity Generating Board. 

Mr 6. M. Slocombe will be appointed director 
of engineering of Distington Engineering Co. 
Ltd on 1 April 1961; and will relinquish his 
present post as director of engineering of 
Samuel Fox and Co. Ltd on 31 August 1961. 

Mr GC. R. Wheeler, c.8.. ( Past- President) has 
been elected to the board of the Steel Company 
of Wales Limited. From 1 January 1961 he has 
been President of the British Iron and Steel 
Federation. 


Obituary 


Sefior Ramon Quijano de la Colina (elected 
1912) of Santander, Spain, in 1960. 


AFFILIATED LOCAL 
SOCIETIES 


EAST MIDLANDS METALLURGICAL 
SOCIETY 


Mr H. L. Parker, a.R.1.c., has succeeded 
Mr E. D. Knights, B.sc., F.1.M., as secretary- 
treasurer of the East Midlands Metallurgical 
Society. Election of officers and committee for 
1961-3 will take place at the en general 
meeting of the Society on 13 April at the 
Derby and District College of Art, Green Lane, 
Derby, when a paper entitled ‘Recent work on 
cold forming and extrusion’ by N. 8. Angus, 
A.MET., A.1.M., will also be presented. 


LEEDS METALLURGICAL SOCIETY 


Committee 1960-1 


Officers of the Leeds Metallurgical Society for 

1960-1 are: 

President: Dr E. Simister 

Ist Vice-President: V. Dewhirst 

2nd Vice-President: Dr P. Feltham 

Hon. Secretary: Dr P. R. Beeley 

Hon. Treasurer: G. Lenton 

Past Presidents: W. L. Bolton, K. Hill, P. 
Green 


NEWS 


Members of Committee: Professor J. Nutting, 
C. Breckon, L. H. Wadsworth, L. Wilby, 
D. Jones, Dr H. Rayson, F. Smith. 


Joint Meeting of The Iron and Steel 
Institute and the Liverpool Metallurgical 
Society 


On 9 March 1961 there will be a joint meeting 
between The Iron and Steel Institute and the 
Liverpool Metallurgical Society at 7 pm at the 
Department of Metallurgy, University of 
Liverpool. At the meeting, Dr D. M. McLean 
of the National Physical Laboratory will give 
a lecture entitled ‘Creep deformation’. 


INSTITUTE OF PETROLEUM 
International symposium 


An international symposium on engine testing 
of crankcase lubricating oils, organized by the 
Institute of Petroleum, will be held at the 
Hotel Metropole, Brighton, on 17-19 May. The 
objects of the symposium are to describe the 
work so far carried out in this field by the 
Institute's panel on engine tests of lubricants; 
to invite other national bodies active in this 
field to describe their work; to invite engine 
manufacturers and users to state their inter- 
ests and requirements in respect of engine test 
methods for performance evaluation of 
lubricating oils; to invite government and 
other national bodies to state their views on 
evaluation and specification of lubricating 
oils; and by discussion of these aspects to 
decide or the action necessary to achieve better 
co-ordination of all efforts. 

Further details of the symposium are avail- 
able from the Secretary of the Institute of 
Petroleum, 61 New Cavendish Street, London 
wi. 


THE INSTITUTE OF PHYSICS 
AND THE PHYSICAL SOCIETY 


Awards and appointments 


The Council of The Institute of Physics and 
The — sical Society has made the following 
award 

The Duddell Medal to Dr J. B. Adams, 
Director-General of CERN (the European 
Organization for Nuclear Research), for his 
leadership of that team. 

The Charles Vernon Boys Prize to Professor 
A. W. Merrison of the University of Liverpool 
for his distinguished research in experimental 
physics. 

The Charles Chree Medal and Prize to Dr 8. E. 
Forbush of The Carnegie Institution of 
Washington for his distinguished work on 
the cosmic radiation. 

The Council has also made the following 

appointments: 

Guthrie Lecturer: Dr D. Shoenberg of the Royal 
Society Mond Laboratory, Cambridge, has 
been appointed Guthrie Lecturer for 1961. 

Thomas Young Orator: Dr H,. H. Hopkins of 
the Imperial College of Science and Tech- 
nology has been appointed to deliver the 
Thomas Young Oration in 1961, 


INSTITUTE OF WELDING 
SCHOOL OF WELDING TECHNOLOGY 
Evening courses 


The School of Welding Technology will be 
organizing further evening courses in Birming- 


Journal of The iron and Steel Institute February 1961 


Announcements and News of Science and Industry 


ham and Manchester in the Spring of 1961 as 
follows: 


Birmingham: ‘Detail design of welded struc- 
tural steelwork’ 

Manchester : ‘Design for welding in heavy 
engineering’. 


These courses are intended for designers and 
draughtsmen who wish to acquire the special- 
ized knowledge which is so important if the 
full advantages of welded construction are to 
be obtained. Full particulars are available 
from the Secretary of the Institute of Welding, 
54 Princes Gate, Exhibition Road, London 
SW7. 


BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 


Open Days, 1961 


BISRA announces that the Open Days in 1961 
are being held at the Sheffield Laboratories on 
Thursday and Friday, 15 and 16 June. A 
special Council visit and press tour will take 
place on Wednesday 14 June. 


Accident research 


Mr A. Box, of the Operational Research 
Department of BISRA is to present a paper 
entitled ‘Accident research in the British iron 
and steel industry’ at the 3rd World Congress 
on Prevention of Operational Risks, which is 
being held in Paris next May. 


EDUCATION 
CO! films 


Recent films added to the industrial section of 
the Central Film Library of the Central Office 
of Information include the following: 
Flammable liquid fire safety (ref.V523, 2 reels, 
18 min, colour). This considers the risks of fire 
and explosion involved in the industrial use of 
inflammable liquids, including the spreading 
of vapour to danger areas and ignition points. 
The use of efficient ventilation systems, special 
containers, and electrical safety equipment 
and the earthing of parts likely to produce 
static electricity is dealt with, and suitable 
extinguisher systems, static and portable, are 
demonstrated in action, both for low and high 
flashpoint ene A useful film for personnel 
at all levels 

In the hot zone (ref.U K2168, 3 reels, 25 min, 
colour). Super-refractory materials made from 
silicon carbide and fused alumina, their proper- 
ties (refraction, conductivity, resistance to 
pressure, and absorption), and their uses in 
furnaces, retorts, crucibles, pottery kilns, are 
shown. The film should interest all personnel 
in user industries, especially technical college 
students and apprentices. 

Industrial electric heating (ref. UK2169, 3 reels, 
30 min, colour). The film looks at the four 
basic methods of electric heating: resistance, 
arc, induction, and dielectric, and their appli- 
cation in meny processes including melting, 
forging, moulding, casting, hardening, welding, 
laminating, and drying in a wide range of 
industries. It is of interest to managements in 
user industries, and to apprentices and tech- 
nical college students. 

All these films are available on free loan, 
with the exception of the first for which the 
daily hire charge for a 16-mm print is £1 1s, A 
catalogue ‘Films for industry’ is available from 
the library at the Government Building, 
Bromyard Avenue, London W3, price 2s 6d, 
posted. 
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154 NEWS 


CONTRIBUTORS TO THE 
JOURNAL 


d. Barford, 8.eNnc., PH.D. 
Dr Barford was born 
in 1934 at Bradford, 
Yorkshire. He was edu- 
cated at Belle Vue 
Grammar School, Brad- 
ford, from 1945 to 
1952, and at the Uni- 
versity of Liverpool 
from 1952 to 1959. He 
graduated with an hon- 
ours B.ENG. in the 
School of Metallurgy, 
in 1956, and subse- 
quently carried out re- 
search on the kinetics 
of the bainite reaction under Professor W. 8. 
Owen, graduating PH.D. in 1959. He spent 
some time in metallurgical works in Canada 
and France, and at present he is working on 
the structure and properties of evaporated 
metal films at Mullard’s research laboratories, 
Surrey. 


E. R. Petty, u.sc., rpu.p.—Research Investi- 
= Metal Physics Division, Aluminium 
boratories Ltd, Banbury. 

Dr Petty was born in 
1933 and educated at 
Maesteg Grammar 
School. He joined the 
Steel Company of 
Wales Ltd in 1949 as a 
junior chemist and 
metallurgist, and ob- 
tained a National Cer- 
tificate in Chemistry 
with a Technical Stato 
Scholarship in 1951. He 
studied metallurgy at 
the University College 
of Swansea and gradu- 
ated in 1955 with honours. He received his 
PH.D. three years later for a thesis on the 
hardness of metals and alloys at elevated 
temperatures, In the same year he joined Alu- 
minium Laboratories Ltd as a research investi- 
gator, and he is currently working on the 
physical and mechanical properties of inter- 
metallic phases. Dr Petty is an Associate of 
The Institution of Metallurgists and a Junior 
Member of The Institute of Metals. 





GC. E. Turner, 8.cwo., Px.p,—Senior Lecturer, 
Department of Mechanical Engineering, Lm- 
ial College, London. 
r Turner was edu- 
cated at Brockenhurst 
Grammar School and 
the then University 
College, Southampton, 
where in 1946 he ob- 
tained a degree in en- 
gineering. His practical 
training was gained in 
the shop of Dennis 
Bros, vehicle manufae- 
turers, Guildford. He 
became a research as- 
sistant in the Mechan- 
ical Engineering De- 
rtment of Imperial College, London, and 
ater obtained a px.p. degree for researches on 
stresses in pipeline ex ion bends and 
bellows. In 1951 he joined the teaching staff of 
the College and is now a senior lecturer work- 
ing on problems in strength of materials, 
stress analysis, and similar topics. He is an 
Associate Member of the Institution of 
Mechanical Engineers. 


B. 8B. Argent, B.met., rvu.v.—Lecturer, 
Department of Metallurgy, University of 
Sheffield. 

Dr Argent graduated with first-class honours 
in metallurgy and was awarded a Mappin 
Medal at Sheffield University in 1953. In 1956 
he was awarded a Brunton Medal for the 
research work which he had carried out for his 
PH.D. He held a London Tin Corporation 
Research Fellowship for a year and was 
appointed to his present position in 1957. 
Dr Argent’s principal research interests are in 








the thermochemistry of alloys and the con- 
stitution and properties of transition metal 
systems. 


K. C6. Mills, B.sc., PH.v.—Post-Doctoral 
Research Worker Carnegie Institute of Tech- 
nology, Pittsburgh, USA. 


Dr Mills was born in 1935 and was educated at 
Chester-Le-Street Grammar School and King’s 
College Newcastle. He graduated in chemistry 
in 1956 and then carried out research work in 
the Department of Metallurgy of Sheffield 
University until December 1959. In January 
1960 Dr Mills moved to his present post at the 
Carnegie Institute of Technology. 


NEWS OF SCIENCE AND 
INDUSTRY 


Society for Visiting Scientists 


HRH Prince Philip, Duke of Edinburgh, has 
been graciously pleased to become Patron of 
the Society for Visiting Scientists. 

The Society, which came into existence 
during the war, offers at its house, 5 Old 
Burlington Street, London WI, a centre at 
which foreign and overseas scientists visiting 
the UK may meet informally with other 
visitors and with British scientists. The presi- 
dent of the Society is Professor A. V. Hill, 
C.H., 0.B.E., 8C.D., F.R.8. 

The Society provides club and restaurant 
facilities and there is accommodation for over- 
night stay for a limited number of visitors. 
There is a small library. Contact is maintained 
with a large number of scientists abroad and 
through its information service and in other 
ways the Society is able to assist the activities 
of scientists on short visits to this country, as 
well as, occasionally, those of British scientists 
travelling abroad. Students from overseas 
studying in the UK are brought together in the 
activities of the Overseas Science Students 
Association for which the Society provides a 
home. 

The work of the Society is made possible by 
the subscriptions of its UK members, a gener- 
ous grant from the British Council, and dona- 
tions and covenanted subscriptions from 
industrial and other bodies interested in foster- 
ing a closer understanding between scientists 
of all countries. 

Further information may be obtained from 
the assistant secretary, Miss E. Simpson, 
0.B.E., at the above address. 


Annual report of European Federation 
of Corrosion 


The European Federation of Corrosion recently 
issued its report for 1959 (duplicated type- 
script, pp.143). It has been edited, as in pre- 
vious years, by the Frankfurt office of the 
general secretariat of the European Federation 
of Corrosion. The Federation had a member- 
ship of 52 societies from 17 European countries 
at the end of 1959, The report is divided into 
three parts; the first presents the report of the 
general secretariat and gives an account of 
activities within the Federation; the second 
contains reports from member societies on 
their technica) work in the field of corrosion, 
and the third gives a survey of the institutes 
and research centres in individual countries 
which are concerned with problems of corro- 
sion and the protection of materials of con- 
struction. 

The report is available from the general 
secretariat of the European Federation of 
Corrosion, Biro Frankfurt (Main), Postfach 
7746. The price to members of societies 
affiliated to the Federation is DM15. (the 
name of the society should be given when order- 
ing), and to non-members DM30, including for- 
warding charges. 


Another Nimonic alloy 


Henry Wiggin and Co. Ltd announce a new 
addition to their Nimonic alloy range, 
Nimonic 115, This alloy is released against a 
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test specification of 7 tons/in® at 980°C, with a 
life to rupture of 75 h minimum. In comparison 
with the figures for the previous alloy (Nimonic 
105) this indicates a considerable increase in 
operating temperature plus a 50% increase in 
creep life. 

The development of the alloy has been asso- 
ciated with a possible test requirement of 35 h 
to rupture at a stress of 7 tons/in* at 1000°C, 
and although production quantities are not yet 
released against this criterion, the test target 
is a further indication of the level of properties 
offered in the new alloy. 

Nimonic 115 alloy is now being supplied to 
several engine builders and is already used for 
the blades of some of the most advanced gas- 
turbine engines. 


New steelworks to have latest 
hot scarfing equipment 


New oxygen-fed hot scarfing machines are being 
installed in steelworks near Newport, South 
Wales, and Ravenscraig in Scotland. The 
pie, apr valued at more than £350000, 
is being supplied by British Oxygen Gases Ltd. 

Oxygen supplies to operate the new machin- 
ery will come from BOG tonnage plants now 
being built under the steelmaking expansion 
programme. 

At the Spencer works near Newport, of 
Richard Thomas and Baldwins Ltd, steel- 
conditioning equipment, the second largest in 
the UK, is to go into operation when steel- 
making begins towards the end of 1961. Hot 
searfing of steel slabs and blooms up to 5 ft 
wide and nearly 2 ft thick is planned with the 
new machinery, which is capable of condition- 
ing all four faces simultaneously. Alterna- 
tively, the equipment can operate on top and 
bottom faces only, or on edge faces only. 

Searfing machinery is also to be installed at 
the Ravenseraig works of Colvilles Ltd, near 
Motherwell. Initially, the equipment will be 
required to condition only the edges of steel 
slabs and blooms, and wiil operate on widths 
of up to 5 ft and thicknesses of nearly 2 ft. 

Provision has been made, however, to install 
a carriage unit which can support the largest 
machine of this type, for scarfing all faces 
simultaneously, handling widths of more than 
7 ft and thicknesses of nearly 2 ft. 

At both steelworks, the new scarfing 
machinery will be installed by the steel com- 
panies, under BOG advisory supervision. The 
equipment is manufactured by the Linde 
department of the Union Carbide International 
Company, New York, USA. An agreement is 
held by BOG to supply this type of equipment 
in the UK. 


Oil-fired biast-furnaces 


The Standard Oil Company of New Jersey 
recently reported that for the last two years it 
has been studying the use of oil in blast- 
furnaces. The company’s scientific subsidiary, 
Esso Research and Engineering, is now satis- 
fied of the feasibility of using heavy oil of high 
heat content in blast-furnaces. The idea is that 
hydrocarbons of this type, injected into the 
bottom of blast-furnaces with the hot air, may 
increase capacity and reduce the cost of pro- 
duction. 


BCRA annual report 1959 


The Sixteenth Annual Report of the British 
Coke Research Association describes the 
research that has been carried out during the 
association’s first full year as a centralized 
working unit at the Coke Research Centre, 
Chesterfield. When the centre was established 
work was on @ new programme of 
research to extend over three or four years. 
The report summarizes clearly developments 
up to 31 December 1959. 

The report is available from the information 
officer, The British Coke Research Association, 
Chesterfield, Derbyshire. 


Machine tool research association 


A new machine tool research association is to 
be set up by the Machine Tool Trades Associa- 
tion to ‘administer funds contributed by the 
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industry for the purpose of co-ordinating, 
accelerating, and initiating research projects 
for the benefit of machine tool design and pro- 
duction’. The new association will not involve 
the construction of new laboratories, but will 
simply co-ordinate and expand work being 
carried on at existing establishments. 


New plant and equipment 
Solus-Schall Ltd are marketing an 8-mm 
magnetic thickness gauge, model 2211, which 
measures the thickness of steel tubes or steel 
plates. The makers say that the equipment 
permits accurate and rapid identification of 
sound tubes or plates from those corroded 
beyond the limit of a specified safety margin. 
The equipment, which is transportable, is 
battery- or mains-operated and consists of a 
control unit and a magnetizing probe. The 
magnetizing probe is held to the tube or plate 
to be tested and, when the magnetizing push- 
button is depressed, steel thickness is shown on 
the meter. The control unit provides two meter 
ranges to measure up to 8 mm of steel thick- 


ness. 

Model 2211 can be supplied with either hand 
or foot magnetization control, and the com- 
pany also provide an inspection service using 
the equipment. This covers X- and gamma- 
radiography, ultrasonic, penetrant, and mag- 
netic methods of non-destructive testing. 

Erection of a huge walking dragline recently 
began at the Roxby opencast ironstone mine, 
Scunthorpe, of the Ore Mining Branch of The 
United Steel Companies Lid. 

Known as the ‘Rapier W1800’, the £900000 
machine will weigh about 1 850 tons. With its 
303-ft long fabricated boom and 25 yd® bucket 
it will be capable of stripping up to 30 tons of 
overburden at each ‘bite’, shifting its own 
weight of material every hour. It can be 
entirely controlled by one man. Designed and 
built by Ransomes and Rapier Lid, Ipswich, 
the W1800 is electrically driven, taking power 
from the mains supply at 6600 V ac through a 
trailing cable to feed two 1500-hp motor 
generator sets. These sets in turn provide 
direct current to the 14 main driving motors, 
each of 225 hp. 


Company news 


C. Akrill Lid, Crewe, Thomas Perry Lid, 
Bilston, and Midland Rolimakers Ltd, Crewe, 
have appointed Mr R. Barker of Sheffield as 
their joint representative in the West Riding 
of Yorkshire and Derbyshire. 

Work has begun on the £26 m. scheme for 
developing the English Steel Corporation's 500 
acre site at Tinsley Park, Sheffield, where 
100-ton electric melting furnaces and bloom. 
ing, billet, and bar mills are to be provided 
by 1963. 

A new company, the Steel Company of 
Shropshire Ltd been formed by the Lilles- 
hall Company and Spartan Steel and Alloys 
Ltd. 


Ergonomics Lid is the name of a newly 
formed company, believed to be the first of its 
kind in the UK, whose purpose is to provide a 
commercial service for dems wanting advice or 
help on ergonomic problems. 

Steel, ech a Tozer, a branch of The 
United Steel Companies Ltd, is to proceed 
with a £750000 sc e to centralize all the 
works technical services. A start has been 
made on foundations for a new building, which 
it is hoped will be completed by the middle 
of 1962. 

Tube Investments Lid are to build a new 
integrated steelworks, costing between £55 m. 
and £60 m., which will raise the group’s steel 
production from 450000 tons a year to 875000 
tons by 1965. The new works will be part of 
Tube Investments’ subsidiary, The Park Gate 
Iron and Steel Company, and will be on a site 
adjacent to the existing works. The proposals 
have been approved by the Iron and Steel 
Board. The new works will use home ore, and 
will have an ore preparation plant, one blast- 
furnace, an oxygen steelmaking section using 
the Kaldo process, an electric furnace, a 
blooming mill, and a continuous billet mill. 


The provision of sales, s , and servicing 
facilities throughout the UK is announced by 
Joy-Sullivan Lid of Greenock, Scotland, for 
the Joy~Hazemag impact crusher, manu- 
factured by the Hazemag mbH, Munster, 
Westphalia, Germany. 

Manufacture of spare parts will start im- 
mediately in the UK, and in the near future 
the complete units will be made here. 


Contract news 


Mexican contracts worth about £} m. have 
been secured by Steel, Peech and Tozer for the 
supply of railway axles and wheels. Deliveries 
will be spread over 10 months. 

A £55 m. contract for a nuclear power 
station at Sizewell, Suffolk, has been awarded 
to the English Hlectric-Babcock and Wilcox 
Taylor Woodrow atomic power group. Work is 
to start next April. 

The Loewy Engineering Company of Bourne- 
mouth has received a £250000 order for a 
mains-frequency induction heating installation 
for steel billets to be installed at Mannesmann 
AG, Germany. 

The Stanton Ironworks Co. Lid has been 
given an order valued at about £270000 to 
provide 10-8 miles of prestressed concrete 
pressure pi for the Sharpness abstraction 
scheme of the Bristol Waterworks Co. 


INDUSTRIAL PUBLICATIONS 
RECEIVED 


Induction heating furnaces, high-temperature 
hydrogen atmosphere furnaces, and roller 
hearth furnaces are described in three recent 
leaflets from the General Electric Company Lid. 

Negretti and Zambra Ltd have issued their 
mercury -in-steel recording thermometer pam- 
phlet printed in German, and they have pro- 
duced special editions of their general cata- 
logue for India and Australia. 

‘Incoweld A’, welding electrode filler wire 
manufactured by Henry Wiggin and Co. Ltd 
is described in a recent leaflet. 

A finely produced booklet from Davy and 
United describes some of the rolling mill plant 
that they have installed at Durgapur. 

Scottish firebrick is the subject of a leaflet 
from Morgan Refractories Ltd. 

H. rightson and Co. describe some of 
their deaeration equipment and _ filtration 
plant in two new leaflets. 

The latest issue of the Journal of Applied 
Pneumatics, distributed by Martonair Ltd, 
includes articles on cleaning automobile com- 
ponents, pneumatic machines in bowling 
alleys, and an air-operated guillotine. 

Bulletin 431A~—GB from the Fisher Governor 
Company Ltd details the company’s series 431 
Shomting units, 


FORTHCOMING CONFERENCES 


Symposium on lubrication engineering 


The Council of the Institution of Plant 
Engineers has decided to arrange a symposium 
on lubrication engineering. This will be open 
to non-members of the fnstitution and will 
take place on Thursday, 23 March 1961, in the 
Meeting Hall of the Institution of Mechanical 
Engineers, 1 Birdcage Walk, London SW1. 

¢ symposium will consist of four papers by 
recognized authorities in the field of lubrica- 
tion engineering. Preprints will be available 
before the meeting. There will be discussion. 

The programme will be as follows: 

9.45 am ps game remarks by the President 
of The Institution of Plant Engin- 
eers, Mr E. C, Stevens. 

Session 1 Chairman Dr H. C, O’Connor. 

10 am ‘Lubrication engineering and the 
etroleum industry’, by Mr R. A. 
arshall and Mr H. B. Chadwick 

(Shell Refining Co. Ltd, Stanlow). 

11.30 am ‘Lubrication engineering and the 
chemical industry’, by Mr W. T. 
Pittman (Billingham Division of 
ICI Ltd). 

Session 2 Chairman Mr G. D. Jordan, 

President-Elect of The Institution of Plant 
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Engineers. 

2 pm ‘Lubrication engineering and the 
steel industry’, by Mr H. Harber 

(The Steel Company of Wales Ltd). 

Lubricati 


3.15pm ‘* ion engineering and the 
owed manufacturer’, by Mr J. A. 
McCurdy (Turbine-Generator Divi- 
sion, AEI Ltd). 
4.15 General discussion and summing-up 
4.45 pm by the President. 
The symposium fee (includi one set of 


preprints, morning coffee, and afternoon tea) 
will be £1 10s. Additional copies of the pre- 
prints may be obtained at a charge of 158 each. 
The charge for those wishing to take a buffet 
luncheon at the Institution of Mechanical 
Engineers will be 108. 

Those wishing to attend should make early 
application for registration forms to the 
Secretary, The Institution of Plant Engineers, 
2 Grosvenor Gardens, London SW1 (SLOane 
1469). : : 


CHANGES OF ADDRES 
AND TITLE 


British Furnaces Lid, Chesterfield, and 
Kepston Lid, Kinross, have formed a Kepston 
Division of British Furnaces Ltd, and all 
electric resistance furnace enquiries are now 
being handled by the Division at Derby Road, 
Chesterfield. 

The Telegraph Construction and M aintenance 
Co. Lid, a member of the BICC group, have 
transferred their offices to 21 Bloomsbury 
Street, London WC1 (MUS 1600). 

The Electric Resistance Furnace Co. Ltd is 
now known as Efco Furnaces Ltd. 

Johnson, Matthey & Co. Ltd have acquired 
a controlling interest in the Swedish precious 
metal company A/B Gésta Nystrém, Stock- 
holm, and the company name has been 
changed to A/B Nystrom & Matthey. 


DIARY 


1 Feb. SWANSEA AND DISTRICT METAL- 
LURGICAL sociETY—Lecture, ‘The 
steam/oxygen converter process at 
Abbey Works’, by M. C. Harrison— 
Central Library, Swansea, 6.45 pm. 

1 Feb. SHEFFIELD SOCIETY OF ENGINEERS 
AND METALLURGISTS—Joint meet- 
ing with the Institute of Mechanic- 
al Engineers, ‘Avoidance of fail- 
ures’, by G. A. Cottell—The En- 

ineering Lecture Theatre, St 
Jeorge’s Square, Sheffield, 7 pm. 

1 Feb. THE NEWCOMEN socreTy—Lec- 
ture, ‘The draining of the Alport 
mines, Derbyshire’, by Miss N. 
Kirkham—Science Museum, Lon- 
don SW7, 5.30 pm. 

1 Feb. THE SOCIETY FOR ANALYTICAL 
CHEMISTRY—Meeting on ‘X-ray 
fluorescence’—Burlington House, 
London W1, 6 pm. 

1 Feb. INSTITUTE OF PETROLEUM—Meet- 
ing—61 New Cavendish Street, 
London W1, 5.30 pm. 

1-4 Feb. AMERICAN PHYSICAL soOcIETY— 
Meeting—New York. 

2 Feb. THE ROYAL INSTITUTION OF NAVAL 
ARCHITECTS—Lecture, ‘Sea trials 
on two cross-channel, twin-screw 
ships’, by Prof. Ir. G. Aertesen—10 
a ag Belgrave Street, London 
SWI, 4.45 pm. 

2 Feb. INSTITUTE OF METALS, LONDON 
LOCAL sEcTion—Lecture, ‘The de- 
velopment of some new bearing 
materials’, by P. G. Forrester—17 
Belgrave Square, London SW1, 
6.30 pm. 


3 Feb. STAFFORDSHIRE IRON AND STEEL 
InstiruTe—Annual Dinner—W ul- 
frun Hall, Wolverhampton, 7.15 
pm. 

3 Feb. ROYAL INSTITUTE OF CHEMISTRY— 
Lecture, ‘Research and develop- 
ment in DSIR stations’, by Sir 
H. W. Melville—Brighton Tech- 
nical College, 7.30 pm. 

6 Feb. CLEVELAND INSTITUTION OF EN- 
GInEERS—Lecture, ‘Blast furnace 
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operations at Clay Lane ironworks’, 
by A. T. Ledgard and P. K. Gled- 
hill—Cleveland Scientific and Tech- 
nical Institution, Corporation 
Road, Middlesbrough, 6.30 pm. 14 Feb. 

6 Feb. ROYAL INSTITUTE OF a 
Lecture, ‘Fuel cells’, by H 
Chambers-—Society of Chemical 
Industry, 14 Belgrave Square, 

London SW1, 6.30 pm. 

6 Feb. SOCIETY OF INSTRUMENT TECH- 15 Feb. 
NOLOGY, DATA PROCESSING SEC- 
tioN—Lecture, ‘The universal de- 
cision element’, Professor J. E. 

Parton and A. Rose— Manson 
House, 26 Portland Place, London 15 Feb. 
WI, 6.30 pm. 

6-17 Feb. crry OF LIVERPOOL COLLEGE oF 
TECHNOLOGY—Course, ‘Radiation 
safety and health physics’—-The 
College, Liverpool. 16 Feb. 

7 Feb. SOCIETY OF CHEMICAL INDUSTRY, 
CORROSION GROUP—Short papers 
evening—-Engineering Centre, Ste- 
phenson Place, Birmingham,7pm. 16 Feb. 

7 Feb. ROYAL INSTITUTE OF CHEMISTRY— 

Lecture, ‘Organic reactions in 
strong alkalis’, og Prof. B. C. L. 
Weedon—Sir John Cass College, 
Jewry Street, London EC3, 6.30 
m. 

7 Feb. et INSTITUTE OF WELDING, 16 Feb. 
SLOUGH sECTION—Lecture, ‘Pipe- 
line welding’, by R. J. Wright— 
Community Centre, Farnham Rd., 

Slough, 7.30 pm. 

7 Feb. LEEDS METALLURGICAL SOCcIETY— 

Lecture, ‘Metals in antiquity’, b 17 Feb. 
R. F. Tylecote—Metropole Hotel, 
Leeds, 6.30 pm. 

8 Feb. THE INSTITUTE OF WELDING AND 
8. L. BRANCH JOINT TECHNICAL 
MEETING—Lecture, ‘The 
Maidenhead bridge’, by Gilbert 
Roberts—54 Princes Gate, Lon- 
don SW7, 6.30 pm. 20 Feb. 

8 Feb. INSTITUTION OF MECHANICAL EN- 

GINEERS INDUSTRIAL ADMINISTRA- 

TION AND ENGINEERING PRODUC- 

TION Group—Lectures, ‘The influ- 

ence of measuring force, stylus 

radius, and surface finish on the 

accuracy of measurement of work- 

pieces by a comparator’, by L. W. 21 Feb. 
Nichols and T. R. J. Oakley; and 

‘An investigation into the accuracy 

of industrial measurement of sizes 

between 0-02 and 5 in’, by P. W. 
Harrison—-1 Birdcage Walk, Lon- 21 Feb. 
don SW1, 6 pm. 

8 Feb. MANCHESTER METALLURGICAL 80- 
crety—Lecture, ‘Residual stress 
and stress relieving’, by L. E. Ben- 
son—Manchester Literary and 22 Feb. 
Philosophical Society, George St., 
Manchester, 6.30 pm. 

9 Feb. LIVERPOOL METALLURGICAL SOCI- 
ETy—Lecture, ‘The origin and 
solution of some industrial corrosion 
problems’, by E. C. Campbell— 
Department of Metallurgy, The 
University, Liverpool, 7 pm. 22 Feb. 

9 Feb. EAST MIDLANDS METALLURGICAL 
soctety—Lecture, ‘The modern 
production and metallurgy of black- 
heart malleable cast iron’, by H. 
Greatorex-—Derby and District 22 Feb. 
College of Art, Derby, 7.30 pm. 

10 Feb, NORTH EAST COAST INSTITUTION OF 
ENGINEERS AND SHIPBUILDERS— 

Lecture, ‘Heavy-lift vessel ‘‘Adven- 

turer” ’, by C. Stephenson—Min- 22 Feb. 
ing Institute, Bolbee Hall, New- 
castle-upon-Tyne, 6.15 pm, 

13 Feb. LINCOLNSHIRE IRON AND STEEL 
INStrrvuTe—Films—NorthLindsey 22 Feb. 
Technical College, Kingsway, 

Scunthorpe, 7.30 pm. 
13 Feb. ROYAL INSTITUTE OF CHEMISTRY— 
Lecture, ‘Reaction mechanisms’, by 
Prof. E. D. Hughes—North-West 22 Feb. 
Kent College of Technology, 
Miskin Road, Dartford, 7.30 pm. 

14 Feb. SOCIETY OF CHEMICAL INDUSTRY, 22 Feb. 
CORROSION GROoUP—Lecture, ‘The 
occurrence of fire-side corrosion in 
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modern steam generators’, by W. D. 
Jarvis and D. B, Leason—1l4 
Belgrave Square, London SWI, 
6 pm. 
ROYAL INSTITUTE OF CHEMISTRY— 
Lecture, ‘The work of a public 
analyst’, by T. McLachlan—Nor- 
wood Technical College, Knight’s 
Hill, West Norwood, London 
SE27, 7 pm. 
ROYAL INSTITUTE OF CHEMISTRY— 
Lecture, ‘Some recent advances in 
inorganic chemistry’, by J. 8. 
Anderson—University wae 
Gower Street, London W' 
NORTH WALES <> yn so- 
crery—Lecture, ‘The yield point in 
mild steel’, by W. 8. Owen— 
Flintshire Technical College, Con- 
nah’s Quay, 7 pm. 
INSTITUTION OF MINING AND MET- 
ALLURG Y—Meeting—Geological 
Society, Burlington House, Picca- 
dilly, London W1, 5 pm. 
STAFFORDSHIRE IRON AND STEEL 
InstiTuTE—Lecture, ‘Energy re- 
pcre in the heating and re- 
ing of semi-finished steel pro- 
ducts’, by H. Southern—Training 
Centre, Stewart and Lloyds, Bil- 
ston, 7.30 pm. 
NORTH EAST METALLURGICAL so- 
crery—Lecture, ‘Plastics versua 
metals’, by P. T. Moore and H. 
Hughes—Cleveland Scientific and 
Technical Institution, Corporation 
Road, Middlesbrough, 7.30 pm. 
NORTH EAST COAST INSTITUTE OF 
ENGINEERS AND SHIPBUILDERS, 
TEES-SIDE BRANCH—Lecture, 
‘Heavy-lift vessel Adventurer’, by 
C. Stephenson—Cleveland  Sci- 
entific and Technical Institution, 
Corporation Road, Middlesbrough, 
6 pm. 
SHEFFIELD SOCIETY OF ENGINEERS 
AND METALLURGISTS—Lecture, 
‘The development and economy of 
the “Ajax” and electric arc furn- 
aces’, by A. Jackson and R. 8. 
Howes—The Engineering Lecture 
Theatre, St George’s Square, 
Sheffield, 7 pm. 
WEST OF ENGLAND METALLURGICAL 
socrety—Lecture, ‘Metallurgy in 
modern jewellery’, Miss D. Pile— 
College of Technology, Ashley 
Down, Bristol 7, 7.30 pm. 
NEWPORT AND DISTRICT METAL- 
LURGICAL society —Lecture, ‘Open 
coil annealing’, by V. J. Gibbons— 
Whitehead Institute, Cardiff Road, 
Newport, Mon., 7 pm. 
INSTITUTE OF BRITISH FOUNDRY- 
mMEN—Lecture, ‘Production and 
applications of spheroidal-graphite 
iron castings in a general-engineer- 
ing firm’, by H. Turner and P. 
Savage—Constitutional Club, Nor- 
thumberland Avenue, London 
WC2, 7.30 pm. 
INSTITUTION OF MECHANICAL EN- 
GINEERS—Lecture, ‘Controlled fu- 
sion reactions’, by Professor P.M.S. 
Blackett—1 Birdeage Walk, Lon- 
don SW1, 6 pm. 
MANCHESTER METALLURGICAL SO- 
crety—Lecture, ‘Metallurgical ap- 
plications of radioisotopes’, by 
M. C. Inman—George Street, Man- 
chester, 6.30 pm. 
INSTITUTE OF METALS—Discussion, 
‘Tube production’ —College of Tech- 
nology, Gosta Green, Birmingham 
4, 10.30 am. 
THE INSTITUTE OF WELDING, MED- 
WAY sECTION——Joint meeting with 
Institute of Petroleum, ‘Pipeline 
welding’—King’s Head Hotel, 
Rochester, Kent, 7.30 pm. 
INSTITUTE OF PETROLEUM—Annual 
Dinner—Grosvenor House, Lon- 
don SW1, 7.30 pm. 
ROYAL INSTITUTE OF CHEMISTRY— 
Lecture, ‘Application of gas chrom- 
atography to kinetic studies’, by 





J. H. Purnell—Technological Re- 
search Station, Spillers Ltd, Sta- 
tion Road, Cambridge. 

23 Feb. INSTITUTE OF METALS—-Lecture, 
‘Theory of the alloys of copper’, by 
Prof. W. Hume-Rothery—Royal 
Institution, Albemarle Street, 
London W1, 6.30 pm. 

24 Feb. WEST OF SCOTLAND IRON AND 
STEEL INSTITUTE—Joint Meeting 
with Iron and Steel Institute 
Engineers Group, Lecture, ‘Layout 
and design of a hot strip mill’, by 
M. F. Dowding, C. Sturdy, ‘and 
A. A. Thomas-—-39 Elmbank 
Crescent, Glasgow, 6.45 pm. 

24 Feb. NORTH EAST COAST INSTITUTION OF 
ENGINEERS AND SHIPBUILDERS— 
Lecture, ‘Marine steam turbine 
design and operation’, A. F. Veitch 
— Mining Institute, Bolbee Hall, 
Neweastle upon Tyne, 6.15 pm. 

25 Feb. SWANSEA METALLURGICAL SOCIETY 

Annual Dinner—Central Lib- 
rary, Swansea, 6.45 pm. 

28 Feb. SOCIETY OF CHEMICAL INDUSTRY, 
CORROSION GROUP—Cathodic Pro- 
tection Panel meeting: Lecture, 
‘External protection of floating 
craft’, by M. G. Duff and P. Clark 
—14 Belgrave Square, London 


SWI, 6 pm. 

28 Feb. SOCIETY OF INSTRUMENT TECH- 
NOLOGY—Lecture, ‘Three terminal 
bridge mea ts and aut 





tion’, by Dr V. 8. Griffiths— 
Manson House, 26 Portland Place, 
London W1, 6.30 pm. 

28 Feb. THE INSTITUTION OF MARINE 
ENGINEERS—Lecture, ‘Safety of 
nuclear marine propulsion plant’, 
by J. M. Murray and H. N. Pem- 
berton—-76 Mark Lane, London 
EC3, 5.30 pm. 


BRITISH IRON AND STEEL 
INDUSTRY TRANSLATION 
SERVICE 


The following translations are now available, 
in addition to those given on page 74 of the 
January 1961 issue of the Journal: 


The effect of heat treatment on the mechan- 
ical properties and creep rupture strength of 
15Cr35NiW 'Ti precipitation hardening austen- 
itie steel. Crezx, L., Hutnik (Prague), 1959, 
vol.14, (12), pp.1115-1118. (£6 108. Od.) [1673 

Scaling of wire rod. Funke, P. jun., and 
Lure, W., Stahl u. Eisen, 1959, Oct. 29, 
pp.1581-1590. (£6) (1677 


The application of the vibration process in 
the production of cast steel. Romanov, A. A., 
from a German trans. of the brochure ‘Cast 
Steel in Vibrating moulds’, Oct., 1959, Nat. 
Scientific & Tech. Publications for Mechanical 
Engineering Literature, Sverdlovsk. (£4 10s.) 

{1736 


Evaluation of the effect of mechanical work- 
ing and heat treatment on the watt losses in 
the cores of fractional hp electric motors. 
Pustroua, J., Przeglad Elektrotechniczny, 1958, 
Oct. 21, pp.541-549. (£7 5s. Od.) (1846 


The attack of iron-saturated zinc melts upon 
chromium- and nickel-containing iron. Horst- 
MANN, D., Arch. Hisenhiit., 1960, July, pp.405- 
410. (£3 108. Od.) {1905 


A method of investigating mechanical 
damping over a wide temperature range 
Stor, M., and Manpter, R., Arch. Hisenhiit,. 
1960, July, pp.423-426. (£3 5e. Od.) [1907 


Improving the life of hardened steel rolls by 
additional tempering. Funke, P. jun., Stahl u. 
Eisen, 1960, Sept. 29, pp.1347-1348. (£1 5e.) 

{1937 

New trends in the manufacture of high- 
quality ferro-chromium and metallic chrom- 
ium. Prerruan, I., Hutnik (Prague), 1959, 
vol.9, (5), pp.163-166. (£4 10s. 0d.) [1949 
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MINERAL RESOURCES 


Considerations on the future supply of iron 
ores to the European iron and steel industry 
(Osine Nouv., 1960, Sept., Supplementary 
issue, 39-40) A discussion of probable sources 


up to 1970. 

A general view of Turkish chromites N. 
Serdaroglu and H. I. Ozdemir (Istanbul Tek. 
Univ. Bull., 1957, 10, (1), 1-29) [In English) 
A general view of Tu rkish manganese (30-52) 
Deposits and oe properties are reviewed. 
fro tee pe naet l of “. mic Gueleny A. 

m econo 
Mikkola (Tek. Kemian, 1960, 17, (9-10), 303- 
306) The prospects are reviewed. The Otan- 
maki ilmenite—-magnetite deposit, at present 
producing 100000 t of ilmenite concentrate per 
annum, which is sold abroad, will in future be 
partly treated as TiO, in the new plant of 
Vuorikemie Oy (Vuori Chemical Co.). The 
Pyhasalmi deposit will shortly produce about 
350000 t of pyrite concentrate per annum to 
be reduced to elementary sulphur and SO,. A 
chromite deposit has been found near the town 
of Kemi.—s.4.-8. 

The iron ore i in Venezuela (Min. J., 
1960, 254, June 24, 737; from Carta Semanal, 
of Min. of Mines & Hydrocarbons, No.57, 
Aug. 1, 1959) A brief historical account, and 
lists of deposits and mage yi reserves. 

Tu resources Rg : deposits of 
the rg Granite and Deer 
Lodge Counties D. D. Watker (US Bur. Mines 
‘ee 5612, 1960, pp.55). 


competitive Lake Superior 
iron ores. Part 1 J. 8. Wilbur (Blast Furn. Steel 
Plant, 1960, 48, March, 290, 294-296, 318) Pre- 
war and wartime development of the > noes 
tion and sales position of the Lake pom 
deposits is followed by a brief account o 
ro development of taconites and Le 
ta and the ore export position. 
wBiatis on wdrated iron oxides. V. ——_ 
dioxide minerals 


snone te from siderite and ferroan 
M. Ls ag (Sei. Rep. Res. Inst. 
Shoku Univ., 1959, 1 Dec., 482-489) A 
brief study is reported of one sample each of 
siderite ore from the Fukuo Mine, and ferrous 
rhodochrosite from the Yamato Mine, both in 
Fukushima Prefecture, and results are 
analysed.—s.H.-8. 


yay oe AND TREATMENT 


data on raw materials such 
as Ss “eg . M. Hansen (Blast Furn. Steel 
Plant, 1960, 4, March, 271-275) A pilot plant 
is described, based on a travelling grate-rotary 
kiln system, and data derived from investigat- 
ing are of hematite concentrate are 
re 


ndia’s iron ore exports [State going | Corp.] 
(Iron Steel Rev., 1960, 4, June, 33-37) Exports 
from Paradip, Madras, Cuddalore, and 
Mangalore an destinations are given, 

Studies on the treatments of jarosite. 1. 
Studies on jarosite as an iron source K. Mat- 
suzuke and Y, Shirane (Tetsu to Hagane, 1960, 
46, March, 205-208) The effects of normal 
roasting and lime roasting on the extraction of 
K; the residual contents of K, 8, and Fe; and 
8 removal are studied.—x.E.- 3. 

ron ore nm (Mech. Hand., 1960, 47, 
Aug., 518-521) An illustrated account of the 
Ramsden Dock, Barrow-in-Furness, ore prep- 
aration plant recently completed by the New 
oA study on the eMicioncy of preparation 

on e ore 
equipment A. Honda, M. Kawamura, K. 
Terakura, and Y. Mizuno (Teteu to Hagane, 
1960, 46, March, 212-215) Efficiency data are 
given for two years’ operation on various ores 
using @ gyratory and a cone crusher and Gyrex 
vibrating screens.—xK.E. J. 

Effect of temperature on flotation of 
iron ore 8S. R. B. Cooke, I. Iwasaki, and 
Hy Sup Choi (Min. Eng., 1960, 12, May, 
491-498) Numerous tests are reported up to 

70°C and frothi behaviour was noted. 
Selectivity generally increased at the higher 


mp. 
Effect | — Bh ge salts on the 
flotation of minerals K. Ono, 
T. Takeuchi, po x to (Sci. Rep. Res. Inst. 
Tbhoku Univ., 1960, 2. Feb., 62-79) Studies 
on the effect of NH salts as a means of 
obtaining higher flo tability of iron sulphide 
in an alkaline pulp are described and 


.—8.H.-8. 

Flotation of Pacific Northwest chromite ores 
G. V. Sullivan and W. A. Stickney (US Bur. 
Mines Rept. Invest., 5646, 1960, pp.14) Bureau 
of Mines studies are reported. All but one of 
seven ores tested responded to flotation with- 
out previous desliming. 
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translations. 


Experiments of me: Pelletizing of 
raw mix before si ing K. Miyagawa and A, 
Suzawa (Tetsu to Hagane, 1960, 46, March 
254-256) Data are given for the size analysis 
and permeability of pelletized mixes, and the 
effect of change of moisture content on these 
parameters.—K.E.J. 

The pelletization of iron ores and other iron- 
containing raw materials G. von Struve 
(Freiberger Forsch., 1958, (B25), 38-52) 
Pelletization is discussed in relation to East 
German requirements and conditions. An 
investigation on these lines carried out by the 
Eisenhitten-Institut of the Bergakademie 
Freiberg is reported in detail (15 refs). 

Redbourn’s changing face J. Gray (Ingot, 
1960, June, 1-6) Developments on the site for 
the construction of a sinter plant are shown. 

of Fundamental 
sinter research W. E. Davies (Canad. Min. 
Met. Bull., 1960, §3, March, 173-185) Sintering 
is treated as a heat-transfer process with 
initiation of endothermic changes in the bed. 
Correct ignition, optimum | air supply, and bed 
—— are di Tr of re- 
ractory ores to make them susceptible to 
physical concentration methods is also con- 
sidered. 

Self-fluxing sinter T. E. Ban, C. D. Thomp- 
son, and C, A. Czako (Min. Eng., 1959, 11, 
Oct., 1015-1021) A review, including non- 
ferrous ganar blast-furnace data, and a 
selected bibliography (45 refs). 

On the permeability of the bed and combus- 
tion in the —s process M. Yasunaga, K. 
Miyakawa, Shimomura (Tetsu to 
Hagane, 1960, 46, March, 250-252) A permea- 
bility tester is described. Data are given for the 
variation of production rate with permeability 
for six mixtures, the relationship between air 
consumption and sintering time, the specific 
air vol. in the sintering process, and gas com- 
position after various sintering times.—x. 2. 

Effect of the sintering time on the q 
sintered ore T. Doinouchi, A. Chida, an 
Obuchi (Tetsu to Hagane, 1960, 46, alt 
252-254) The properties investigated include 
the residual sulphur content, FeO in the sinter, 
CO and CO, in the exhaust gas, and sinter 
strength.—x.@.J. 

The effect of coarse grains in the sinter mix- 
ture on sinter yield M. Shimada and M. Iwata 
(Tetsu to Hagane, 1960, 46, March, 248-250). 

On the formation of pores in the sintering 
process A. Ishimiteu, T. Furui, and 8. Waka- 
yama (Tetsu to Hagane, 1960, 46, March, 
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247-248) Data = naires for the : i com- 
pressive strengt legree of desulphuriza- 
tion of prepared compacts fired under various 
oe ——K.E.J. oe 
ore : bedding 
sinter piant at Stanton weneerle (Elect. Rev., 
1960, 166, May 13, 905-909) An illustrated 
description with special — to electric 
equipment and power supply. 

Factors affecting unit consumption of coke in 
sintering Y. Fujii, = a and K. Fukaya 
(Tetsu to Hagane, 1960, 46, March 245-246) 
Relationships are shown between the breeze 
anew tion and the heat of dissociation of 

aCO,.—K.E.J. 

ms AY the quantity of return fines in the sinter 

T. Sanematsu and H. Toyozawa (Tetsu 
to Hagane 1960, 46, March, 243-245) The 
sinter is made from pyrites cinder, Larap ore, 
mill scale, iron sand, flue dust, and coke 
{analyses given). The max. output is obtained 
with 30%, return fines. A graph shows the 
effect of return fines on sintering time, FeO, 8, 
productivity, strength, and size of sinter. 

Dissociation of caicium carbonate 


during 
sintering A. A. Sigov (Izv. VUZ Chern, Met., 
1958, (3), 3-12) The advantages of dissociating 
CaCO, in the sinter bed rather than in the 
blast- furnace are noted, but the avoidance of 
white (lime) inclusions which lead to the 
erumbling of sinter in storage and transport is 
also important. Trials on the di of diszocia- 
tion achieved, the stage at which it occurs, the 
time taken, and the temp. conditions for 
fluxed sinter production are = i 
F fayalite he Fe,0, 810, 


solid reaction T. ple and Y. 
(Tetsu to Hagane, 1960, 46, March, Ry gg 


FUEL—PREPARATION, 
PROPERTIES, AND USES 


Combustion research and fuel 
look in combustion research M. ring 
Inst. Fuel, 1960, 33, Aug., 406-409) Blast- 
furnace design for small-non- coking coal firing 


and es tera for steel melting are briefly 
touched upon. 


Garbonization research E. J. Hodder (Blast 
Furn. Steel Plant, 1960, 48, March, 267-270, 
289) Equipment and work carried out at the 
carbonization research laboratories of Island 
—_ Coal Company are described. 


Investigations on t' taking place 
in the coke oven H. Echterhoff and M..T. 
Mackowsky (G@lickauf, 1960, 96, May 7, 618- 
626) An account is given of the sampling, 
treatment, and e of sp from 
an experimental oven, and conclusions drawn 
regarding the processes taking place are 
reviewed and discussed in detail. 





Study on 
used for a Tobata biast H. Joh, 8. Ida, 
and T. Kamada (T'etsu to Hagane, 1960, 46, 
March, 226-230) Details are given of the 
properties of various cokes made from blends 
of American, Australian, and Japanese coals 
(properties ~— —K.E. strane ‘ 

coke measured _ 
drum methods adopted in various countries 
H. Joh, 8. Ida, and M. Tokuhisa (Tetsu to 
Hagane, 1960, 46, March, 230—232) Crushing 
(Japanese), tumbler (American), and Micum 
(German and French) strength tests are des- 
cribed. Relationships between results from all 
these are shown graphically. Details are given 
of tumbler and Micum strengths of eight cokes 
having almost the same 15 mm index of 
crushing strength (JIS8).—-x.£.3. 

On the repeated Micum test on coke J. M. 
Sanyal, K. Raja, P. Chakravarty, N. N. 
Chatterjee, and N. N. Das Gupta (J. Sei. Ind. 
Res., 1960, 19A, July, 323-327). 

- D. A. Hall and 
J. Gordon (Iron Coal Trades Rev., 1960, 180, 
March 11, 577-578) Tests in an experimental 
coke oven are reported, with additions of low- 
volatile coal and coke breeze, 
aoc Saori eee 
es ~ 
emphasis on Polish coke J. Nedria 
kiewiez, I, Kaziszynowa, and W. Krause 
(Prace Inst. Hutn., 1960, 12, (2), 55-59) 
Properties of coke, using methods not known 


in Poland and a the M.40 Micum index 
were compared. ere was general agreement 
but it was found that there were several 
essential discrepancies in the evaluation. Con- 
sequently several methods were rejected since 
they —— cokes which are known to be 
good. The remainder are recommended for use. 
The treatment of by at the D 
rd _— I. H. Young (Sci. Eng., 1960, 
ay—June, 715-79) Estimated coke-oven 
be Tres ucts are given with a brief outline of 
the installation, including the bacteriological 
treatment plant for efftuents. 


AIR POLLUTION AND SMOKE 


Dust collector review D. G. Stephan (Mod, 
Castings, 1960, 37, July, 75-83) The various 
types of dust collector available are discussed, 
and the economics, efficiency, advantages, and 
drawbacks of the various t. are considered. 

Industrial dust and collection 
C. G. McKeown (Smo. Air, 1960, Summer, 
303-312) A review of cyclones, filters, wet 
collectors, and of the Equitrace collector and 
its use with the cupola. 

Tra , concentration, and analysis of 
collected air-borne based ms ri 
oven techniques P. W. West, H. p Angee 
Gaeke jun., and G. Lyles (Anal. Chem., 

32, July, 943-946) Approximately 400 Sta 
pheric samples were analysed for Fe and Al by 
the Weisz ring oven procedure and on as little 
as 2 or 3 wg of a Somatibosns in a total air 
cng le of 1 m* could be quickly and con- 
vackenin determined with good accuracy. The 
technique is described in detail for spot tests 
for Al, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, and Zn 
and results are evaluated statistically.—s.#.-s. 
fume removal (Jron Steel, 1960, 33, 
April, 152) A deseription is given of a new 
process for eliminating SO, from chimne 
stacks and its conversion to ammonium sul- 
phate. The process, patented by Ch 1 
Construction (G.B.) Ltd., does not lower the 
gas temp 

Oxides of suiphur in the fue gases of a coke- 
fired domestic boiler D. Marsden and R. A. 
Mott (J. Inst. Fuel, 1960, 33, June, 267-270). 

Dust and fume emission from iron and steel- 
works (Jron Coal Trades Rev., 1960, 181, 
Aug. 5, 289-292, 294) An extract from the 

rt of the Chief Inspectors of Alkali etc. 

orks for 1959, 


TEMPERATURE MEASUREMENT 
AND CONTROL 





The Paliador thermocouple H. E. Bennett 
(Platinum Met. Rev.. 1960, 4, April, 66-67) An 
account of the Pd-Au/Ir-Pt thermocouple, 
useful up to 1000°C, 

A num resistance thermometer for high 
temperatures W. Obrowski (Platinum Met. 
Rev., 1960, gap Si genera Ceramic —— 
tion is used. The ign operates up to 850°C. 

A platinum resistance thermometer for 
temperatures of up to 850°C W. Obrowski 
(Stahl Eisen, 1960, 80, Sept. 1, 1226-1227) A 
new Pt resistance thermometer and its merits 
are described. It has a time constant of 20— 
30 sec, and an error of about 0-10-0-15°C. 


On the continuous im of 
molten steel. 1. remarks on tec ue 
of for the steel bath 


measurement 
ang its results T. Ikemi, S. Onodera, Y. 
Arakida, and N. Hiraoka (Tetsu to Hagane, 
1960, 46, March, 303-304) Details are given of 
the setting of the sheath, and examples are 
given of temp. plots with time in various sizes 
of ladle.—«. 8.3. 


REFRACTORY MATERIALS 

Refractories: Review of the literature pub- 
lished during 1958. Part 11 K. Konopicky and 
G. Routschka (Stahi Eisen, 1960, 80, Sept. 1, 
1220-1225) The properties of the various 
refractories used in the iron and steel industry 
are reviewed (89 refs).—T.a@. 

Refractory materials for the iron and steel 
industry. 1 J. M. Palacios Reparaz (Dyna, 1959, 
34, Dec., 893-906) A review of different types 
of refractory materials in current use, their 
qualities and characteristics, with comparative 
references to ganister in the Sheffield area and 
in Germany. The manufacture and use of silica 
bricks are described and their properties 
analysed.—s.H.-8s. 


Journal of The Iron and Steel Institute February 1967 





Flames and furnaces M. W. (Iron 
Steel, 1960, 33, . a 161-165) mer, Ee toe 
and testing of refractories for furnace construc- 
tion are examined. 


IRON AND STEEL—GENERAL 


The development of the Czechosiovak Metal- 
lurgical industry 1945 to 1960 J. Chvojka 
(Hutn. Listy, 1960, 15, (6), 419-422) A survey 
of developments is given, and some of the 
major tasks for the coming third five-year plan 
period are outlined.—P.F. 

Rhodesian iron and steel developments (1/in. 
J., 1960, 255, July 29, 125) A brief review of 
axtating a and new construction in pro- 

. including coke ovens. 
China’s iron and steel works—5: Central 
China (Met. Bull., 1960, July 22, Supp. I, IV) 
Brief accounts of the Pinghsiang, Hsinyu, 
Hengyang, "apes aes Siangtan, Ocheng, and 


Tayeh works 

Wheeling Steel to spend $5700000 in im- 
canna me (Blast Furn. Steel Plant, 
1960, 48. 299) A brief report of im- 
sore va in plant and oe to be carried 
out in West Virginia works of the ogee ye 

Notes on South American iron- and sieel- 

making (Chile and the ine) et Delbart 
and J. Rubio (Rev. Mét., 1960, 57, July, 631- 
644) Details are given of the Huachipate works 
in Chile, and the present position and future 
prospects of the iron and steel industry in the 
Argentine are reviewed. 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG-IRON 


On the construction of the Tobata No.1 biast 
furnace K. Ueshima and Y. Togino (Tetsu to 
Hagane, 1960, 46, March, 215-217) With plan 
of layout.—x«K.£.J 

On the blowing-in of the Tobata No.1 biast 
furnace M. Inoue, N. Nakamura, and Y. 
Fukagawa (Tetsu to Hagane, 1960, 46, March, 
217-219) Data for the filling are given, in the 
13 sections of the furnace. Other data include 
details of blast conditions for the first 24 h, 
iron and slag analyses for the first five tap- 

ings, and general output and operating data 
"” the first three months.—x.z.J. 
iron and Steel: No.4 furnace at 
Port Kembla (Jron Steel, 1960, 33, April, 135- 
137) An illustrated account of the construction 
and operation of the furnace. 

On the o blast m of 
Higashida blast furnace K. Kodarna, N. 
Tsuboi, K. Kato, and 8. Hashimoto (Tetsu to 
Hagane, 1960, 46, March, 219-221) Operation 
with up to 2- 2%0, gave a marked increase in 

roduction with some reduction in coke rate. 
Ful operating data are given, together with 
eat balances for normal and O,-enriched 
pees ey —K.E.J 
ncreasing thee efficiency of shaft furnaces 
8. Cernoch (Hutn. Listy, 1960, 15, (5), 382-389) 
An analysis is made of the design features con- 
ducive to optimum furnace performance and 
minimum fuel consumption. Flow patterns and 

I pr should be controlled to give 
homogeneity in horizontal sections.—P.F. 

rends in biast furnace economy J. Lockerbie 
and J. B. Bowie (Gas World—Coking, 1960, 57, 
Aug. 6, 21-26, 28, 30) Factors in operation are 
reviewed with special reference to fuel econ- 
omy, especially coke. 

Behaviour of zinc in the blast furnace opera- 
tion T. Koga, Y. Kanda, and 8. Yabe (Tetsu to 
Hagane, 1960, 46, March, 221-224) Details are 
given of zinc contents of charge materials, and 
zine balances are shown for two furnaces. 
Correlation coeff. are established between Zn, 
Si, and CaO-SiO,. The role of zinc in carbon 
deposition is discussed.—x.E.J. 

the safe limits for the size of blast furnace 
burdens A. Ishimitsu, A. Shigemi, and K. Ono 
(Tetsu to Hagane, 1960, March, 210-212). 

Note on iron ore red R, Wild (J. Inst. 
Fuel, 1960, 33, Aug., 409-410) A report on the 
Chie: Conference, May 3-5, 1960. 

on reducibility of iron ores. 11. Reduc- 
tion of ren ores by +60,+N, K. Kambara 
and K. Fujita (Tetsu to Hagane, 1960, 46, 
March, 202-205) Curves show the vol. expan- 
sion and degree of reduction of limonite, 
h tite, and etite ores and sinter in the 
range 100-1000°C. Carbon contents, the 
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peme in ferrous mineral composition, and 
the effect of porosity are also examined. 
studies 


F on iron ore reduction. 
IV. Reduction of lar iron ore. Part 2. V. 
Reduction of fine ore. Part 2 T. Yagi, Y. 


Fuke, and A. Kondo (Tetsu to Hagane, 1960, 

46, March, 199-200) IV. Degrees of reduction 

ae time, by the weight decrease and 

rbed water methods, are compared, for 

h reduction at 500°C. V. Results are 

toe for ne a of 90-100 mesh ore in 
ydrogen at 500°C.—K.E.3. 
The between 


indirect reduction 
and coke consumption in biast furnaces of old 
and new A. N. Pochwisnew (Freiberger 
Forsch., 1958, (B25), 5-18) Various coefficients 
previously derived to assess the reduction 
pr are di d, and it is shown that 
these are inadequate to describe the process 
completely. Two further coefficients are intro- 
duced, p which is associated with relative coke 
consumption, and q which is dependent on the 
utilization of the reducing capacity of the gas. 
Both values can be derived from an analysis of 
the blast furnace gas. Experimental data are 
assessed and the results discussed (18 refs). 

Form and extent of the combustion zone in 
the biast furnace I. P. Bardin, L. Z. Chodak, 
and L. M. Zyljew (Freiberger Forsch., 1958, 
(B25), 19-37) A large number of trials carried 
out in an experimental furnace enabled the 
combustion zone to be determined accurately 
by gas analyses. It was shown that an upper 
and lower circulation zone were formed, with 
a central region high in CO, in each case. It 
was also shown that the extension of the com- 
bustion zone in the direction of the tuyere axis 
wae directly proportional to the kinetic energy 
of the blast jet. A formula is derived, taking 
into t blast vol , hot blast temp., and 
pressure, and tuyere diameter (15 refs). 

Studies on the standard of combustion in a 
hot stove M. Nose, T. Nakamura, and K. Inoue 
(Tetsu to Hagane, 1960, 46, March, 224-226) A 
relationship is shown between efficiency and 
the min. temp. at the stove outlet, and gas 

uantities are determined in the a. range 
50-920°C for raising the blast temp. by 10°C. 

Production of iron without a blast-furnace 
M. Kepka (Hutnik, 1960, 10, (4), 155-158) 
Ironmaking methods such as the Wiberg, 
Lurgi-Gailuser, Madaras, H-iron, Esso-Re- 
search, etc., are reviewed.—P. F. 

On the manufacture of titanium slag and 
iron from iron sand by gas reduction ( 
= test) T. Ikeno and T. Hagiwara (Tetsu to 

‘agane, 1960, 46, March, 208-210).—«.£.J. 

Granulation of pig iron T. Bishop (Met. 

-» 1960, 77, oon athe ye ag A — 
is given of the paten ig iron granulation 
rocess in use at the Wellingborough, Nor- 
thants works of Messrs Stewarts and Lloyds: 
molten iron pours over the lip of runner into 
a bank of high- water jets. The granu- 
lated material is stockpiled; the process enables 
the steel plant to be shut down at weekends, 
and is cheaper than the use of a pig casting 
machine. 

Iron from ilmenite concentrates Yu. A. 
Shul’te, M. I. Kurbatov, and L. I. Chernyak 
(Zit. Proizv., 1960, (5), 8-9) Ilmenite con- 
centrates after extraction of titanium contain 
appreciable quantities of iron oxides which, 
enriched with waste in a reduction ore furnace, 
yield iron to the extent of 30-40% of the slag 
weight. The composition of this iron is 1-5— 
2-6%C; 0-17-0-84%Si; 0-02-0-21%Mn; 0-1- 
0-31%S; 0-04—0-22%P. Its structure is typical 
of chilled iron; it can be improved with differ- 
ent thermal treatments, but its low content of 
graphitizing elements does not ensure com- 
plete decomposition of the cementite. Experi- 
ments are described in the use of this iron in 
600 mm dia. cupola with three rows of tuyeres 
with acid and Sanie linings. The conclusions 
reached show that a proportion of up to 60% of 
this iron in the charge does not reduce the 
quality of ae but on the contrary im- 
proves considerably the mechanical properties 
of the metal. 








eeeranta TREATMENT AND 
USE OF SLAGS 


Utilization of acid blast-furnace slag H. Beer 
(Stahl Eisen, 1960, 80, Sept. 1, 1211-1219) The 


from the roy cg iron ore smelting is 
acid and contains SiO, up to 43%. The diffi- 
culties in working this slag are briefly ex- 
plained by referring to the phase diagrams and 
the crystallization behaviour. A plant is then 
described and illustrated for processing the 
slag. The long cooling time of the acid = as 
compared with the basic requires water-cooli 
of the beds. The slag shows a high hardness an 
is excellent for use as road-building material. 

furnace slag for the manufacture of 

cements H. Koznar (Czech. Heavy 

Ind., 1960, (4), 38-46) Analyses, mechanical 
properties, and general discussion is given, 
with illustrations. 

nation of ferro-titanium slag and of 
concentrates of the slag Z. Kozielska and Z. 
Orman (Prace Inst. Hutn., 1960, 12, (2), 85-92) 
The crude slag and its concentrate are chlorin- 
ated in the same way. After tests at one- 
quarter production scale it was found that 
with 100% stoichiometric excess of carbon the 
optimum temp. was 600°C; that grain size 
should be below 100 mesh; that by distillation 
the yield of TiCl, could be raised up to about 
70%, and that pure, colourless TiC], suitable 
for the production of metallic Ti can be 
obtained by the distillation of the crude 
tetrachloride. 


PRODUCTION OF STEEL 


1000000 ingot tons of steel a year (Hdgar 
Allen News, 1960, 39, Ang. 169-173) An 
account of the —— steelworks. 
of ti ired for the naa \melti stages 

mes requ v $ 
in furnaces used for steel wetion Oo. 
Lhotsky and Z. Jelen (Hutnik, 1960, 10, (4), 
158-165) Technical and human problems 
involved in the p' i of production 
schedules are discussed on the basis of experi- 
ence gained in the Kladno Steelworks.—»P.F. 

Choice of technology in steel P. H. Kutar 
(Iron Steel Rev., 1960, 3, April, 23-30) An 
address. A general account of choice of process 
adopted to Indian conditions is given. 

uture developments in steelmaking with 
reference 


(iron Coal Trades Rev., 1960, 181, Aug. 26, 
459-463) With special reference to oxygen 
steelmaking. 

Ball bearing steels made from sponge iron as 
raw material M. Ueno, H. Nakashima, and 8. 
Ikeda (Tetsu to Hagane, 1960, 46, March, 344- 
346) Steels were made from mixtures contain- 
ing 0-100% sponge iron, scrap, sand iron, etc. 
For six specimens, data are given on sand- 
mark tests, size of spheroidized carbides, and 
the effect of austenitizing treatment on the 
hardness and retained carbide content. 

The new steel plant of 8.A. Cockerill- 
Ou E. Foulon (Acier Stahl Steel, 1960, 25, 
(9), 357-362) The plant, its layout, construc- 
tion, and equipment are briefly described an 
illustrated.—s.H.-8. . P 

a of the United Steelworks in 
Kladno liberation R. Stefec (Hutn. Listy, 
1960, 15, (6), 422-425) Modernization and 
extension of the works are described. Iron and 
carbon steel production doubled during the 
period, and annual output rates are rising 
steadily. Developments in alloy steel produc- 
tion have been less lia se 

problems in the warming-up of basic 
converters (Jron and Steel, 1959, (2), 48-51; 
from Sci. Abs. China, Techn. Sci., 1959, (2), 
130) Side-blown os converters Fes used. 
Rapid heating greatly increased average 
life of the furnace (from 10-55 c with a 
max. of 82). The lining should be ed to 
1100-1 400°C within 3-5 h; also the tuyere. 

The construction of the new basic- 
Bessemer plant at Port Talbot J. W. P. Jaffé 
(Struct. Eng., 1960, 38, May, 165-167) This isa 
discussion of a paper published previously. 

Erection of the new oxygen converter plant at 
Tobata, Yawata Works T. Ohta and M. 
Nishiwaki (Tetsu to Hagane, 1960, 46, March, 


1960, 80, Sept. 15, 1286-1288) The authors 
explain and di the method of calculation 
for the output of basic Bessemer steelworks 
suggested by M. Letouzey (Union Sidérurgique 
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Lorraine-Sidélor) and quote a number of 
examples including the time required for 
changing the bottom and relining the con- 
~“Ohanges in the level of the charge 
n e 
during ng in the haste Bessemer converter 
W. A. Fischer and H. Straube (Stahl Zisen, 
1960, 80, Sept. 1, 1194-1206) A new sample- 
taking technique was developed and used for 
taking samples every 20 sec for O, analysis 
during blowing. It was found that an O, level 
of ~)-34%, was always present at the change 
point and this led to the conclusion that a 
certain quantity of O, is required for de- 
hosphorization to begin. During dephosphor- 
ization the O, level may reach vaend of 0-14%. 
The O, content during blowing showed clearly 
the effect of the miscibility gap in the (FeO + 
MnO)-(CaO)-(P,0,) slags. It was also estab- 
lished that there is a close interrelationship 
between O, variation and decarburization, 
desulphurization, and increase in N, (36 refs). 
On the rapi¢ rm oe in the 
oxygen converter 8. Machara, K. Wakabayashi, 
T. Kohtani, K. Tagiri, and 8. Narita (Tetsu to 
Hagane, 1960, 46, March, 283—285).—x«.¥.3. 


oxygen converter plant S. Machara, K. Waka- 
bayashi, and T. Kohtani (Tetsu to Hagane, 
1960, 46, March, 281-283) Changes in layout 
of equipment, crane utilization, consumption 
of raw materials, and charge-to-tap time are 
reflected in increased output of ingote.—x«.. J. 

Control of o in molten steel in oxygen 
steelmaking Y. Nagano and N. Kakimi-(Teteu 
to Hagane, 1960, 46, March, 269-270) A 
statistical control method is devised, based on 
correlations between [O], [C], [Mn], (© FeO), 
bath temp., and basicity.—-xK.£.3. 

L.D. steel at Ebbw Vale (Met. Bull., 1960, 
Aug. 16, Supplement ii) With illustration, 

Considerations for the design and 
of hearth furnaces F. Bartu (Stahl Hisen, 
1960, 80, Sept. 18, 1268-1274) Competition 
with other steelmaking processes gave a new 
impetus to the OH furnace to increase its 
efficiency. The various factors that affect the 
efficiency of the OH furnace are discussed, they 
are: output per hour, combustion with and 
without O,, segment-type roofs and walls, and 
increasing the output by use of more modern 
doghouses and by increasing their number. As 
an example the increase in hearth area from 70 
to 104 m* is quoted.—t.«, 

The automatic control of open hearth 
furnaces K. A. Steele (Instr. Practice, 1960, 14, 
June, 647-652) Circuits, paratus, and con- 
trol panels are described. Roof temp., furnace 
pressure, control of reversal, and the manage- 
ment of O, are considered. 

hearth combustion and its control— 

transfer and furnace design A. Hogg and 

C. Holden (Jron Steel, 1960, 33, April, 139-144) 

Methods of increasing the heat available above 

1700°C, factors influencing heat transfer, and 

the effects of furnace design on combustion and 
heat transfer are discussed. 

On a mode of combination of zinc in open 
hearth dust T. Doinouchi, K. Ito, and M. 
Otomo (Tetsu to Hagane, 1960, 46, March, 270- 
272) Chemical analyses, X-ray data, and 
photomicrographs are given for dust from the 
regenerator, reversing valve and chimney. 
Zine is found as ZnFe,0,.—x«.z. 3. 

Statistic-thermodynamical studies on funda- 
mental reactions in steelmaking. IV. Oxidation 
and reduction m of magnetite in the 
gas phase 8. Takeuchi and K. Furukawa (Sci. 

ep. Rea. Inst. Téhoku Univ., 1960, 12, April, 
120-127) At high temp. solid solution magnet- 
ite can absorb oxygen in quantity, depe 
upon the partial pressure of gaseous oxygen. 
mathematical process is postulated and the 
results are corapared with observations 
Greig and by Darken and Gurry, with whi 
good agreement is claimed. V. Oxidation and 
reduction equilibrium of Mn-—wistite (Fe, 
Mn)O in the gas phase (128-136) A mathe- 
matical survey, followed by discussion and 
summary. VI. The configuration of Fe-O 
molten and its interaction with gaseous 
oxygen (137-149) A mathematical survey is 
presented and compared with experimental 
values.—8. H.-8. 


Journal of The Iron and Steel Institute February 1961 
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Sintioe on the Hening content of ina 
steel plant T. Kai, 8. uma, and J. Fuku- 
tomi (T'eteu to Hagane, 1960, 46, March, 273— 


274).——K.E.J. 
of the de- 
and 


rization of iron 
. A. Schwarzmann (Freiberger Forsch., 1958, 
(B26), 5-15) The results are reported of 
thermodynamic investigations of the distribu- 
tion of P and 8 between iron melts and various 
slags, carried out with the aid of radioisotopes 
*“§ and *P, in the form of sulphide and phos- 
hide. The distribution of these elements 
ween iron and iron oxide , and between 
iron and acid slags, and the influence of alkal- 
ine earth oxides on the distribution are 
examined. 
. 1. Flame 


radiation 
in a furnace M. Maezawa, T. Shirosawa, K. 
Onozuka, Y. Ka a, and K. Haijima 
aoe to Hagane, 1960, 46, March, 287-289) 
experimental furnace is described. Data 
are given for the effect of tertiary air on wall 
temp., flame temp., emissivity, and CO, con- 
tent, and for the temp. of the flame along its 
le at six positions. —K.E,.J. 

of the large 80-ton arc furnaces at 

the steelworks of the Société des F 
et Aciéries du Creusot J. Colin (Rev. Mét., 1960, 
57, June, 481-490) Design and operational data 
of these two furnaces are reported, \and the 
uality of steel produced is examined. OH and 
electric furnace costs are compared, but idle 
time in the large electric furnace is at present 
excessive, and the use of oxygen presents some 


unsolved problems, 

Present large-capacity arc furn- 

aces in steelworks R. Boutigny and C. Bar- 

(Rev. Mét., 1960, 57, July, 589-600) 
A review of existing plants, with some design 
and installation features, and tables giving 
data of the plant. 

The 80-ton arc furnace of the — des 
Usines Saint-Jacques a Montiugon P. Sauvage 
(Rev. Mét., 1960, 7, July, 601-605) A descrip- 
tion of the equipment and characteristics of 
this furnace. R ~~ : 

Oxygen urner use ge ae ee n 
the ace ‘ase Vv. J. Howard (Mod 
Castings, 1960, 37, July, 84-86) The author 
discusses initial trials of a new process to pro- 
mote rapid and uniform scrap meltdown. 

Grater r of submerged arc smelting 
furnaces simulated by a sega model 0. C. 
Bockman (J. Electrochem. Soc., 1960, 107, 
Aug., 688-691) The electrolytic trough tech- 
nique is used. The ohm-inch rule is discussed. 

b 


use of honeycomb celi-shape bricks 
(ZEK) in electric furnace roofs M. Nakatsukasa 
K. Tashiro, M. Haga, and K. Nakamura 
(Tetsu to Hagane, 1960, 46, March, 274-276) 
These hexagonal bricks show approx. half the 
brick consumption, and a roof life of 140 heats 





against 100, in com with normal bricks. 
BE 


are turnace, using oxygen K. F. Liidemann 
(Freiberger Forsch., 1958, (B25), 16-36) A 
series of trials is described in which basic 
electric are furnace melts are refined with 
additions of 31-57% Krupp-Renn luppen, and 
using an oxygen lance. The mechanics of P and 
S removal are discussed. 8 is removed both by 
the lime slag and by evolution of SO,. A 

with 90% luppen was quickly de- 
phosphorized, but 8 removal was inadequate. 
On the basis of these results a high-S, acid 
smelted iron can be refined satisfactorily by 
the same procedure (20 refs). 

Thermal stresses in i mouids F’. Havlitek 
(Hutn. Listy, 1960, 15, (5), 371-378) Heat 
transfer experiments were carried out on rec- 
tangular and cylindrical experimental ingot 
moulds weighing from 35 to 75 kg. The temp. 
distribution after pouring was followed at 
various points in the wall as functions of time. 
Temp. differences across the walls reached 600 
to 700°C, falling to about 200°C after 30 min. 

to moulds takes the form of i 
in thin moulds, crazing in thick-walled ones. 
The boundary between both arises with mould 
wall thicknesses equal to about 22% ingot 
cross-section. Edges should be thicker, 1.c. 
about 27% of ingot cross-section. Water cool- 
ing leads to crazing and should be a 

ids-—investigation 


of ingot mou 


——progress to be made J. Dufiot, J. Durand, 
and J. C. Margerie (Rev. Mét., 1960, 57, July, 
573-587) A statistical study of the scatter of 
the mean life of square section moulds used in 
casting Thomas steel, with an analysis of the 
omer in factors influencing een. life (24 
refs). 


Manufacture of mechanically engues steel 
ingots in Australia A. A. Corbett (J. Austral. 
Inst. Met., 1960, §, May, 29-37) The structure 
and properties of mechanically capped steel 
ingots are outlined. Two different practices 
using bottle-top moulds are discussed and 
compared.—@.F. 

Cooling of an ingot and mould during casting. 
{. When two paraiiei infinite metal piates are 
used as the mould I. Edamoto, M. Kanayama, 
8S. Munakata, and T. Honda (Techn. Rep. 
Téhoku Univ., 1960, 24, (2), 95-104) A mathe- 
matical study, using the theory of heat con- 
duction analytically, of the cooling of an ingot 
and mould, taking into account the thin layer 
of air between ingot and mould. Il. When a 
hollow metal of i h is used 
as the mould (105-118) A study, following the 
work of the previous abstract, intended to be 
of service to practical casting while continuing 
the mathematical interest, is presented. 

Progress of Soviet O. Mikhailov 
(Iron Steei Rev., 1960, 4, June, 27-31) A 
general review with notes on continuous cast- 
ing and rolling mill output. 

Men of action—The creators of a new 
method of continuous steel casting (Prz. 
Techn., 1960, 81, (23), 9-11) The article des- 
eribes the development of a method of con- 
tinuous casting with special emphasis on the 
young engineers involved. The plant is des- 
cribed in some detail and is to be completed 
in 1962. 

Study on the continuous casting of steel. 
iil. On the mechanism of the formation of 
longitudinal cracks on the surface of cast 
billets Y. Aketa and K. Ushijima (Tetsu to 
Hagane, 1960, = — ce age weming 

Im ement in of by 
vi ns during. solidification M. 
Ferrero P. Ravizza (Rev. Mét., 1960, 57, 
June, 501-505) Ingots up to 700 kg were 
vibrated mechanically snd up to 50 mag- 
netically, tests being made on non-ferrous 
material and on high-speed steel. Reduced car- 
bide segregation, increased toughness, and 
improved surface finish after machining were 
obtained by vibrating; better penetration was 
achieved by magnetic Pe mgs 

Numerical analysis of the internal tempera- 
ture of ingots M. Sidara, Y. Okada, and 8. 
Kawano (Tetsu to Hagane, 1960, 46, March, 
301-—302).—x«.8.J. 

Deoxidation of steel melts with calcium- 
aluminium in its effects on analysis, structure, 
yield and qu K. Felleht (Freiberger 
Forsch., 1958, (B22), pp.113) A detailed 
account is given of deucidebien trials of a large 
number of steels with Ca—Al, and of the result- 
ing steel properties. It is shown that O and N 
are removed to a large extent. The Mn and Si 
yields in OH steels are 10-15% higher, P con- 
tents are 0-004-0-005 % less, and S elimination 
in high-C steels is about 50% more than in 
steels melted without Ca—Al additions. The 
steels are markedly free from subcutaneous 
blowholes and central segregation. Mechanical 
properties and corrosion resistance are exam- 
1 , and economic factors considered (15 refs). 

The deoxidation and the alloying of steel in 
the ladie N. F. Rodin and I. G. Goryachev 
(Lit. Proizv., 1960, (6), 48) Investigations are 
reported on steels deoxidized and alloyed in 
the ladle and the results compared with the 
older operations carried out in the furnace. It 
has been found that as regards carbon steels 
the ladle method increases productivity by 3% 
and as so low alloy steels by 8% reducing 
the loss of metal by oxidation at the same time. 
For example the loss of Mn is halved, that of Cr 
reduced to one-third, and the consumption of 
— is reduced in consequence by 2 kg/t of 
steel. 

Further studies concerning the deoxidation of 
steel with aluminium G. 8. Ovsyuk, A. F. 
Timchenko, and I. G. Khar’kovskii (it. 
Proizv., 1960, (6), 47-48) Tests with 1-5 kg 
Alj/t of steel have revealed a total absence of 
any damaging effect on the plastic properties 
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of the metal, and rejects, because of gas pores, 
have been reduced; nor could any increase in 
Aly inclusions be related to the extra Al 
added. 


Effect of the time of aluminium addition on 
the quality of fine-grained steel M. Nishigishi 
(Tetsu to Hagane, 1960, 46, March, 299-301) 
Data are given for the effects on dissolved Al 
content and grain size, and on the total no., 
total length, and max. length of defects in 
—: machined samples from a billet. 

udy on the internal structure of large 
ingots S. Kawaguchi, S. Onodera, Y. Naka- 
awa, and R. Honma (T'etsu to Hagane, 1960, 

» March, 296-298) For 25- and 75-t ingots, 
sulphur prints are shown and data given for 
ladle analysis, solidification behaviour, ingot 
structure, and distribution of carbon and total 
sand.—K.E.J. 

In jon of some problems of discard en- 
cou in steelworks Y. Morillon and R. 
Rambach (Rev. Mét., 1960, §7, June, 521-531) 
Methods are developed for caleulating charge 
weights so as to eliminate or reduce to a 
minimurn losses due to butt end scrap. 

Study of laminations and blisters of rimmed 
steel Y. Koike and 8. Komazuka (Tetsu to 
Hagane, 1960, 46, March, 294-296) Defects are 
related to sulphur segregation, pouring meth- 
od, and position in the ingot.—x«.£. 3. 

Cause and prevention of longitudinal cracks 
on medium carbon steel ingots ©. Taniguchi, 
M. Kurita, and A. Inoue (Tetsu to Hagane, 
1960, 46, March, 291-293) The effects of con- 
tent of dissolved Al, casting speed, heat treat- 
ment, AIN content, and deoxidation practice 
are considered.—«K.E.3. 

investigation of methods of decreasing harm- 
ful n in rimming steel. 11. Cooling 
treat by blowing oxygen or a air 
and by inserting during fication 
of targe No.3 steel ingots Hsao Shiang-hwa, 
Hoo Ven-gan, and Pan Yue-chu (Acta Met. 
Sci., 1958, 3, (4), 276-289; from Sci. Abs. 
China, Techn. Sci., 1959, (2), 131) O, was 
blown into the teemed steel in 10 t rectangular 
ingots, reducing C, 8, and P and giving a more 
uniform and mechanically Smabeved metal. 
Surface blowing of air and insertion of steel 
plates (5% by wt) also improved the ingot. 


PRODUCTION OF FERRO-ALLOYS 


Ferrosilicon production (Met. Bull., 1960, 
Sept. 20, i-iv, 19) An abstract from Industri 
Information No.7 containing three articles on 
Fe-Si. The abstract is mainly concerned with 
that of H. Hagerup-Jenssen on Raw Materials 
and Production. The furnaces, their operation 
and the grades produced are described. 

Use of oxygen-enriched biast in the produc- 
tion of spiegeleisen in the low shaft furnace 
H. Grohmann (Freiberger Forsch., 1958, (B25), 
53-69) Trials carried out at the ‘Donauwérth’ 
low-shaft furnace of VEB Maxhiitte Unter- 
wellenborn are described. The main trials 
were made with 24-5%O, enrichment, and an 
improvement in indirect reduction and Mn 
yield were obtained by charging a burden with 
a size range of 5-40 mm, and coke from 20-40 
mm. 

Alloys high in nitrogen V. P. Perepelkin and 
V. A. Bogolyuboy (Stal’, 1960, (9), 811-816) 
Nitrogen-containing ferrochrome will now be 
made by solid-state nitriding in a stream of N, 
instead of by the much less efficient alumino- 
thermic process. 

The technology of producing highly nitrided 
carbon-free ferrochrome the alumino- 
thermic process G. F. Ignatenko, Yu. L. Pliner, 
8. I. Lappo, E. A. Rubinshtein, and E. A. 
Knyshev (Stal’, 1960, (9), 817-818) Production 
of Fe-Cr with 1-5-2-0%N is described. The 
charge ic crushed and the chrome concentrates 
are roasted, and addition of 45%NaNO, 
doubles the usual N content. 

The making of titanium concentrate from 
slag left after the manufacture of ferro- 
titanium Z. Orman and Z. Kozielska (Prace 
Inst. Hutn., 1960, 12, (2), 79-83) This paper 
describes various methods of increasing the 
concentration of TiO, in the slag. The most 
satisfactory concentration (up to 60%) was 
obtained by sintering the slag with soda ash, 
followed by leaching. 
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FOUNDRY PRACTICE 


The effect of the chemical composition and 
heat treatment of metal on their casta- 
bility K. N. Militsyn (Lit. Proizv., 1960, (3), 
19-24) Among the many factors influencing 
castability the most important are: the proper- 
ties of the liquid metal as conditioned by its 
chemical composition; the conditions of the 
psccaen, be oapeaence and the nature of the subse- 
quent heat treatment. The article summarizes 
an extensive study regarding the mechanical 
and physical properties of various metals and 
alloys as influenced by the above factors. 

Four eminent metallurgists add to Witt- 
moser'’s classification idea V. H. Patterson, 
A. I. Krynitsky, T. E. Eagan, and F. B. Rote 
(Mod. Castings, 1960, 37, June, 51-52) The 
comments of these authors on the classification 
of ferrous cast metals, by A. Wittmoser, are 


given. 

The filtration of metal V. S. Kalabushkin 
and M. V. Pikunov (Lit. Proizv., 1960, (6), 30- 
31) Filtration of liquid metal may be used in 
the first place for a thorough purification of an 
alloy from foreign inclusions (oxide, fluxes, and 
slag inclusions). Pouring hot metal into a 
mould through a filter results in a slower flow 
of metal through the pouring system. Filtering 
sprues are of special importance when casting 
high components where the speed of the flow 
of metal is normally very high. A reduction in 
the speed of the flow through the sprues 
reduces the formation of scabs due to slag and 
blisters. Furthermore, filtered metal of suitable 
materials may be used in alloying and inoculat- 
ing molten metal. 

Grey iron v. aluminium C. A. Sanders (Mod. 
Castings, 1960, 37, June, 36-39) The various 
advantages and shortcomings of these two 
materials are compared, with particular refer- 
ence to castings for car engines, and the author 
considers that Al has been over-rated in com- 


parison with grey iron. 

‘Gartsherrie’. Scotiand’s new foundry iron 

ron B. 8. Fowler (Power-Gas Group Rev., 
960, May, 8-13) An illustrated account of the 
blast-furnace and sinter plant at Coatbridge. 

What Sulzer put in new foundry F. 
Eisermann (Mod. Castings, 1960, 37, July, 30- 
35) A description of the design and facilities of 
the Oberwinterthur foundry. 

The new Sulzer foundry at Oberwinterthur 
A. Kugler and F. Eisermann (Sulzer Techn. 
Rev., 1959, 41, (2), 3-24) An illustrated account 
of the new foundry with a floor space of 


-~350000 ft*, and its equipment. 
Sulzer $ foundry and 


: New 
machine at Oberwinterthur accelerate 
petedine marine Diesel ines (Ship- 
tlder, 1960, 67, July, 424-428) Capacity and 
equipment are given with illustrations and a 
description of the 6 RD 76 engine is included. 

A new cast iron and steel foundry of the 
‘Gebrilder Suizer A.G.’, Oberwinterthur (Switz- 
erland) J. Holtorp (Prz. Odlew., 1960, 10, (6), 
179-185) The author, after a visit organized 
by the Polish Federation of Foundry Tech- 
nologists to Oberwinterthur, gives a descrip- 
tion of these modern works. 

The Lerin foundry— outstanding feature of 
Polish ne F, Kaim (Prz. Techn., 1960, 
81, (19), 9-11) The article was written on the 
occasion of the tenth anniversary of the open- 
ing of the Lenin Foundry. The main theme is 
the co-operation with the USSR in the project. 

Designing casting shops with models V. M. 
Shestopal (Lit. Proizv., 1960, (3), 11) In view 
of future mechanization, a casting shop must 
be so designed as to anticipate all requirements 
in this respect and the best way to secure this 
is to make use of scale models say 1:100. An 
example is discussed. 


Magcobar opens new foundry research 
centre (Mod. Castings, 1960, 37, Sept., 38-39) 
This laboratory is described, and the work 
already carried out, and that planned for the 
future, is considered. 

Materials handling and automation in the 
foundry L. L. Goodman (Mech. Hand., 1960, 
47, Aug., 543-550) An illustrated review of 
layout, bonding, equipment, control, instru- 
mentation, and automation. 

well 


9 WS needs 
nage: system A. E. James (Mod. Castings, 
960, 37, Sept., 45-49) A system of materials 


handling is described in detail, and its advan- 
tages are enumerated. 

Vibro-electric transfer mechanisms A. I. 
Tutnov (Lit. Proizv., 1960, (3), 16-17) Some 
examples are shown of mechanisms of English 
make. 

Continuous improvement of casting tech- 
nique D. P. Ivanov (Lit. Proizv., 1960, (3), 1) 
An outline of further developments of casting 
technique to be carried out with a view to 
complete automation and a list of the principal 
manufacturers of casting equipment with the 
machines in which they specialize are given. 

What is new in mechanization and automa- 
tion in the foundry industry K. M. Shcheglov 
(Lit. Proizv., 1960, (3), 41-48) Prizes are given 
for any suggestions in this respect which may 
be adopted by the industry. A number of rele- 
vant suggestions are reviewed, for example 
regarding a production line for small castings; 
the automation of a moulding, assembling, and 
casting line; the automation of knocking-out 
frames and many other suggestions which are 
now under consideration. 

Machine for calculating the heating cycle of 
the cupola V. I. Loskutov (Lit. Provwv., 1960, 
(5), 12-13) A caleulating machine designed and 
constructed by the Tbilissi Automation Insti- 
tute is described. It calculates fuel consump- 
tion and the necessary blast correction as a 
function of the hot metal temp. and the degree 
of combustion of the coke. It weighs 40 kg and 
measures 400 x 380 x 400 mm. 

The basic metailu cupola (BMC) Zh. 
Supar (Lit. Proizv., 1960, (5), 13-17) The chief 
characteristic of these cupolas is the preven- 
tion of loss of metal in the cupola and the 
creation of conditions for the sufficient car- 
burization of the charge consisting practically 
all of cheap steel scrap. The cupola is designed 
and constructed by the Compagnie Generale de 
Conduites d’Eau in Belgium. 

Effect of the moisture content of the air biast 
on the production of ductile iron V. R. Balinskii 
(Lit. Proizv., 1960, (4), 11-12) The melting of 
type KCH-35-10 ductile iron at the Ural 
motor works is carried out in cupolas without 
forehearth with subsequent correction of the 
chemical composition and temp. of the metal in 
an acid arc furnace. Rejects due to the segrega- 
tion of graphite are common. The strength 
characteristics vary tly. As a result of 
investigations it was found that the moisture 
of the cupola blast causes the saturation of the 
iron by hydrogen and increases the limits for 
the graphitizing elements while graphite is 
eliminated in the free condition. 

The of using oxygen in cupolas N: I. 
Zolotukhin (Lit. Proizv., 1960, (4), 12-13) 
Results of tests justify the recommendation to 
use up to 0-5 m'/t°C oxygen for melting iron 
in the cupola, fed through the bottom row of 
tuyeres. This gives the metal a temp. of 1380— 
1400° for cupolas with forehearths and 20° 
more for cupolas without them. 

Cupola with conical stack A. A. Chernyi and 
E. D. Sosnovskii (Lit. Proizv., 1960, (4), 13-15) 
In 1957 a cupola at the Penza compressor 
works was rebuilt with a conical stack. 
Capacity 5 t/h. In its first two years of opera- 
tion it has melted 305 heats and effected large 
savings as well as reduction in the consumption 
of refractory linings. Structural details are 
given. 

Modernization of the cupolas in the ductile 
iron soling shop of the Gor’ki Auto works 
F. 8. Emel’desh (Lat. Proizv., 1960, (4), 15) The 
cupolas have been rebuilt to a single type. 
Capacities are 10-12 t/h. The stack diameters 
were increased from 1900 to 2178 mm and 
from 2100 to 2500 mm and their external cool- 
ing zone increased from 640 to 1100 mm, 
Details of the changes are given. 

The dimensions for cu tuyeres A. A. 
Anan’in and V. P. Chernobrovkin (Lit. 
Proizv., 1960, (4), 16-17) Tables are supplied 
giving the dimensions of the tuyeres to corres- 
pond to the volume of blast in m*/h and the 
static water gauge for any corresponding 
height of the column of coke. 

ro nigga of Vy ee 
charging cupolas in o 
Shirokikh (Lit. Proizv., 1960, (4), 17-19) At 
present the Czecho-Slovak foundries operate 
under conditions of complete automation of 
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charging. Some units for automatic propor- 
tioning and for charging are described. 

What is new in the cupola process I. P. 
Petrov (Lit. Proizv., 1960, (4), 19-22) At the 
Syzran Heavy Machine Construction Plant a 
recuperator has been built around an existing 
cupola and commissioned in 1950, During its 
operation various shortcomings had to be elim- 
inated and as a result a newly-designed cupola 
with the reecuperator arranged against the 
walls of the stack is now being erected. The air 
will be preheated to 350-400° and the blast 
will enter the cupola from below through the 
bottom centre. Designs and specifications are 
given, 

The use of calcium carbide in the cupola pro- 
cess B. A. Getenko (Lit. Proizv., 1960, (4), 45) 
At the Tuapse Mechanical works a 600 mm 
dia. cupola operates for campaigns not exceed- 
ing 3h. A large proportion of rejects resulted 
because of the low temp. of the metal. An 
addition of 2~-3% welding carbide to the 
charge increased metal temp. by 40° and cut 
down the proportion of rejects. : 

Lighting up the cupola by gas A. I. Vol’skii 
and 8. A. Petukhov (Lit. Proizv., 1960, (4), 
46) Lighting with wood is @ very primitive and 
costly operation. To light the cupola with gas, 
long flame burners are needed and a special 
type which has given satisfaction is described. 

Melting in an unlined P. N. Zelentsov 
(Lit. Proizv., 1960, (3), 27) At the Iskitim 
boiler works a 1900 mm dia. cupola has been 
adapted to melting without lining, by having 
a cooling ring built round the stack. This 
cupola worked alongside an exactly similar 
lined cupola under exactly similar conditions 
during two months with appreciable spon of 
fuel and without any difference in the quality 
of the product. 

Dust extraction in the gas ducts of iron meit- 
ing cupolas V. A. Matveev and D. P. Fili- 
montsev (Lit. Proizv., 1960, (3), 27-28) An 
examination of dust content showed that with 
coke fuel 2300 kg of dust are eliminated into 
the atmosphere, but only 120 kg with gaseous 
fuel and 1517 kg with a mixture of coke and 
anthracite for the same quantity of melt. 
Experiments are in progress‘for determining 
the best method of dust collection. 

The properties of the ladle slag after the 
treatment of the iron melt with magnesium 
B. 8. Mil’man and L. V. IVicheva (Lit. Proizv., 
1960, (5), 25-27) Analyses of the s' taken 
from the surface of the hot metal in the ladle 
after treatment with Mg and Fe-Si were 
carried out on samples drawn before and after 
the addition of Mg and after the addition of 
Fe-Si of the 75% quality. The findings show 
that it is possible to control the quality of the 
castings by the slag composition in the ladle 
and adjustment of its properties, in the first 
place, by reducing its m.p. and increasing ite 
wetting properties by the addition to the iron 
of fluxes containing sodium compounds. 

Production of anti-friction iron alloyed with 
chromium and nickel 8. 8. Bogdanovskii (Lit. 
Proizv., 1960, (3), 33) At the Kolomensk works 
for heavy hinery experi ts have been 
made with an anti-friction iron in a ratio of 
Cr:Ni from 4:1 to 2:1 with a content of Cr of up 
to 0-45%. The structure and properties con- 
form to GOST specifications. Details are given 
for melting this iron in a cupola. 

The future of the cupola process 
N. A. Barinov (Lit. Proize., 1960, (3), 356-39) 
Report of the All Russian Scientific and 
Technical Congress convened by the Committee 
for the Foundry Industry in Moscow, 23-27 
November 1959. 

Computing the com of cupola stags 
Farr Niktein and Yu. P. Poruchikov (La. 
Proizv., 1960, (6), 31-32) The characteristics of 
the sk are conditioned by its physico- 
chemi properties in the liquid state. No 
accurate methods are available for et 
cupola - Many experiments have reveal 
ionic bonds between particles in liquid slags 
and have shown that these may be considered 
as ionic melts. As a first approximation, the 
properties of these slags may therefore be 
determined by the energies of the interionic 
reactions which d mainly on the dimen- 
sions of the component ions. Experiments 
with liquid silicate melts are reported which 
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article considers i the composition 
of the slag as a function o its viscosit; ont 
Cavesiigatione ape soperted seganting 


operation of a sold blast 

a relationship existed between sinking and 
Se of nucleation of the iron, and 
: of minimizing this defect were 


development of the hot blast cupola process. 
The cooling of smal! cupolas W. Krupa ( Prz. 
Odlew., 1960, 10, (4), 118-120) 4 pao to 
remove some of the unsatisfactory features of 
the use of the cupola in the manufacture of 
grey cast iron, a rational of water cool- 
ing was introduced at the Mikolow works. 
Cooling was restricted to the combustion and 
maiion zones and was applied to both the 
lining and the shell. The results over the last 
four years are most satisfactory. The author 
@ complete description of the system 


siitiy inset cre pet 


( Castings, 1960, 37, Sept., 83-88) The 
present a description of « lining-less 
water-cooled hot-blast cupola being used for 
production of high grey iron machine 
component castings. construction, 
Papen agg water-cooling a hot- 
operating tec 
deer sake aaa on the principle that 
in cast through improved 
control are more Significant. than ie lk 
cost reductions pale with this 
type of melting unit. 


meter production Geo. 
fra re ae Control Pooper 1960, 7, 
an., provements in 
brought about by iabrrmentation are noted 
Desuiphurization of iron in the basic 
cupola with water irst Tractor Works 
(Iron and Steel, 1958, (15), 23-27; from Sci. 
Abs. —— per ig 1959, (2), 129) co 
& cupola lined wit! giving a desulphuriz 
= ponerse of 80-90%, are reported, with a 
jacket the efficiency was 90% with a 
fie" 120 kg/h. Tests in a 3-t cupola 


carried out and the rate was increas- 


Hy te Sochor, I. page hg and A. Rusithin ayy yar 
enstvi, 1960, 8, (7), 227— 290) A direct gas-flow, 
-type recuperator designed for use 

we ee Se. cupolas was found to perform 
page ee ort yen “ep rations, giving 


with a gas 
pain Of 700-800°C. " ne | anes is of 
pats ett mf we od be made from boiler sheet, 


and requires no cleaning.—P.F. 
by. the teats ot "Thermal Technology, 
the Moravian Ironworks J : 
Slévdrenstvi, 1960, 8, (7), 230-236) The design, 
pire stm gee advantages of a recuperator 


of recent Czecho-Slovak manufacture are dis- 

cussed in the li ween SOS ey 
performance with a 90 cm dia. cupola.—Pr.¥ 

Wolesin (Boa. Castings | Ane, 55-57) 

( 960, ug., 55-57) 

This paper is a discussion of the equi t 

yed i in are-melting stainless steel by the 

"s company, the basic considerations 

which the practice was developed and 


; nie anmee for refining om iron by the 
of siag M. Y. Hashimoto, 
and A. Minato (Sci. Re . Ree. Inst. T6hoku 


Univ., 1960, 12, A 101-107) 
on the electrolytic reducing ing 
ethod of slag which determine the 





degree of deoxidation of cast iron are described 
in detail.—s.x.-s. 

re and uses of some industrial 
5 elractory crucibles F. dle and F. W. 
Ha: (Found, Trade J., 1960, 109, July 7, 
15-20) A review of refractory crucibles (other 
than graphite and carbon compositions) and 
their uses in melting various metals in induc- 
tion and v furnaces, also by 


Production 7 ten. for grey cast iron W. 
Patterson and R (Giesserei, 1960, 47, 
— 7, 175-180) A new ’ ai is described, 
in which chemical composition is fixed by 
degree of saturation and tendency to graphit- 
ization. Methods of derivation of these factors 
are explained, and illustrated by examples 
(16 refs). 

Pg yy on the structural of cast 

iron by contact melting with oxides 
M. Homma and R. Ohno (Sci. Rep. Res. Inst. 
Tohoku Univ., 1960, 12, April, 108-119) Teste 
by contact-melting in oxidizi 








with an improvement in strength and machin- 
ability (21 peg 


eit of nickel up to 37% and — up 

peab.g | on the eutectic carbon content of cast 
iron R. D. Shelleng (Mod. Castings, 1960, 37, 
June, 87-89) Ni and Si increase C solubility in 
molten Fe. A formula for the joint effects is 


given. 

Heavy white iron sections—melt additions 
effects on mottling tendency ©. R. Loper jun. and 
R. W. Heine (Mod, Castings, 1960, 37, June, 98— 
113) A progress report on work "aimed at 
achieving heavy section castings in which 
neither mottling nor primary graphitization 
occurs during freezi 

Wear-resistant white irons alloyed with 
boron and titanium B. M. Kontorov and N. M. 
Kunina (lit. Proizv., 1960, (4), 3-4) When 
alloying white iron with boron only, a con- 
siderable increase in hardness is obtained with 
@ simultaneous reduction in strength charac- 
teristics, especially ductility. Ti additions 
increase the strength characteristics while 
leaving the hardness satisfactorily high. White 
iron with approximately 0-5%B changes its 
structure, depending on the total (C+ Si) in 
the same manner as non-alloyed iron. However 
the critical value of (C+ Si) at which graphit- 
ization of boron-iron occurs, is slightly higher. 
The structure of white iron alloyed with Ti 
consists of the austenite decay products, 
ledeburite, titanium carbide, and angular 





tite i which are observed in an 
iron with 2-59, 
The distribution o of silicon between the com- 


ones ot irens E. P. Rikman 
(14t. Proizv., 1960, (4), 34-35) The distribution 
of Siin high-strength i irons is probably directly 





by contact-melting in an A or OO at atmosphere, 
and by ane addition are described and the 
results discussed.—s.H.-8. 


Considerations on super-heati 
cast iron M. Homma (Sci. ating of | Inst. 


Téhoku Univ., 1960, 12, Feb., 1— “F} The signifi. 
eance of supe melting in the elimina- 
tion of dissolved oxygen by carbon is con- 
sidered theoretically.—s.x.-s. 

Experimental research on heating of 
molten cast iron M. Homma and Y. Hashimoto 
(Sei. Rep. Res. Inst. Téhoku Univ., 1960, 12, 
Feb., 8-15) Tests by melting cast iron in the 
non-oxidizing atmosphere of the Tammann 
furnace at temp. between | 200 and 2000° are 
described. The tendency was for carbon to 
decrease and silicon to increase without direct 
relation to seabaued e. wigan geesans an 3 

su melting previous 
history is discussed. oes H.-8. 

15 ways business can grow 
(Mod, a yom oe sta pot wah July, she Sugges- 
tions for a © points of grey iron 
castings are 8. 

New alertness needed J. H. Schaum 
(Mod. Castings, 1960, 37, July, 28-29) The 

problems facing the grey iron industry, par- 
Yicularly i in the selling and publicity field, are 
discussed. A bright future is expected. 

Don't sabotage machi M. 
Gittleman (Mod. yj Rte 1960, 37, Aug., 
46-49) The microstructural constituents of 

y cast iron are described and illustrated. 
Tho type of structure required for good 
a, is discussed, and the influence 
of cupola practice, contamination of raw 
materials, incorrect carbon equivalent, and 
cooling rates on the achievement of this 
structure are considered. 

The influence of alloying elements in cast 
iron R. Barton (BCIRA J., 1960, 8, July, 567- 
585) After a general consideration of the 
effects of alloying elements on cast iron, the 
effects of relatively small additions of Ni, Cu, 
Cr, Mo, and V on strength and hardness are 
discussed, and their principal uses are outlined. 
Methods of making additions, and comparative 
cost, are given in an appendix. 

Treatment of grey iron melts with 
N. Volianik (Rev. Mét. Mém. Sci., 1960, 57, 
Aug., 609-639) A detailed account is given of 
experiments in the treatment of grey iron 
melts with CaCN,, which introduces N by 
dissociation. A substantial increase in tensile 
strength was obtained without alloy additions, 
and high-Si irons can be treated economically, 
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with the action of Mg. This metal 
exerts its influence not only on the form of the 

graphite inclusions but also on the properties 
oft the metallic matrix, alteri ~ chataiad the 
binding forces between Si and 

The effect of ur on the fu of white 
iron M. F. Goncharenko, A. V. Lakedemonskii, 
P. Ya. Gruzdov, E. A. Vasil’ev, and A. 8. 
Evseev (Lit. Proizv., 1960, (4), 41-42) Test 
results show that the higher fluidity of vy 
strength sulphur cast irons as com 
standard white irons is explained by the 
higher Si content of the former. Sulphur, by 
itself, has a very insignificant effect on the 
fluidity of cast iron. increase in the Mn 
content has a much greater effect on the reduc- 
tion of this fluidity. 

The ‘play’ on liquid cast iron G. Nandori 
(Preiberger Forsch., 1960, (B25), 70-76) The 
oxide patterns formed on liquid iron in con- 
tact with air, and their relation to the com- 
position of the iron are discussed (12 refs). 

ing (Met. Treatment, 1960, 27, 
Aug: ., 317, 318) Recent BISRA work suggests 
hat prespheroidizing may have commercial 
ibilities for cast high-speed steels. Pre- 
oo ing to reaction temp., 1 320°C, and holding 
for > sufficient time to give a new solid phase 
with no eutectic, followed by hot working, 
results in a uniform structure, with an almost 
complete absence of stringers.—-a.H.M. 
er cast iron K. D. Lakeland 
(Austral, Eng., 1960, 52, April, 50-56) A 
student’s prize essay. Theories of formation, 
types of melting furnace, and a review of six 
types of sg iron are outlined, and welding and 
brazing methods and uses are also considered. 

Study on the magnesium treatment of cast 
iron M. Hotta, Y. Ono, Y. Fujii, and H. Honda 
(Tetsu to Hagane, 1960, 46, March, 260-262) 
Investigations are reported on the use of Ni— 
Mg-Fe-Si, Cu-Mg-FeSi, Mg—FeSi, and Ca- 


Mg~-FeSi alloys.—x.£.3. 
‘Spheroidal phosphides: j improve mechanical 


enema Amar gene ca 
us up to 1-5 per cent G. E. Else, A. V. Bassett, 


and K. B. Palmer (BCIRA J., 1960, 8, July, 
517-536) The development of a technique for 
— phosphides in nodular iron is 

described, and the results on the properties of 
the iron are summarized. 

Fundamental studies on spheroidal graphite 
cast iron S. Morita, K. Kure, M. Tuji, and 8. 
Omori (Tetsu to Hagane, 1960, 46, March, 258- 
By ot elie ine 
steel M. Homma, H. Meguro, A. Minato, and 
Y. Abe (Sei. Rep. Res. Inst. Téhoku Univ., 








— -~-2a.= 


eo 











ion. 12, June, 201-218) Tests on the properties 

ular graphite hyper-eutectoid cast 
it are described and the results on its im- 
pact value, rotary bending strength, and wear 
resistivity examined and classified as to 
castability, mechanical, and magnetic prop- 
erties.—_8.H.-8. 

EOS Soe Se eaten 26 Whe Shanes oF {Be 
shape of graphite inclusions in iron F. N. 
Tavadze and Sh. 8. ateleadse (Lit. Proizv., 
1960, (6), 29-30) Inoculation with calcium- 
containing agents was investigated. Micro- 

measurements of the ferrite phase in 
the diffusion layer with sg have given higher 

than at the core, but insignificantly 
higher readings in the pearlite phase in this 
zone as compared to the core. The dimensions 
of the eg codes have been determined to be 
between 10 and 20 microns in most of the 


— 
he special features of the inoculation of iron 
awe P. I, Talanov and N. I. Astafurova 
(Lat. Protav., 1960, (4), 42-44) Inoculation b 
mischmetal does not reduce castability. Fluid. 
ity is increased with increasing additions of 
this inoculation agent por ge I reaches @ 
maximum with 0-5% mischmetal. The de- 
crease in the fluidity following upon a further 
addition is probably due to fact that 
appreciable quantities of cerium oxide form 
during pouring. Shrinkage fluctuates between 


0-7 and 1-1%. 
The manufacture of chill rolls from 


graphite iron R. D. Rusiew 
or Odlew., 1960, 10, (4), 106-111) Work 


done in B is described. By addi 
0-54%Mg flake to clined 
graphite a pocalhy ws ly her material was 
obtained suitable for roughing rclls in the 
hardness range 200-280 Hs. The author 
describes the technology of casting, c 
composition, structure, and properties of these 
rolls. Experience has shown that by introduc- 

ing spheroidal graphite rolls, throughput was 
pee ar from 20-25 x 10* t to 35-40 x 10° t. 
In conclusion the author indicates further pro- 

in the uction of spheroidal ite 

iron where carbon content is low the 
Si content is increased to 2-0-2-1% with small 
additions of Ni and Cr. 

Study of magnesium-treated nodular cast 
iron by reducing refining in the electric-arc 
furnace M. Homma, H. Meguro, Y. Abe, and 
R. Ohno (Sci. Rep. Res. Inst. Téhoku Univ., 
1959, 11, Dec., 466-473) Mg-treated nodular 
cast iron (ductile cast iron DCI) was tested by 
reducing refining in the acid and basic electric- 
are ‘fereane. Oxygen and sulphur contents in 
molten metal decreased and the amount of 
Mg necessary for spheroidization of graphite 
also decreased. Shrinkage cavities from both 
acid and basic furnaces are com 
< wees hurizing, rate of refining, Fe-Si-Mg 

itions and degree of carbon saturation 
are pres beer emmy —8.H.-8. 

Is the cooling shrinkage of spheroidal cast- 
iron an i. J. Pfibyl (Sbornik, (Ostrava), 
= 6, (1), + the The various factors con- 
tributi to vo) ec in grey cast-irons 
and =~. cast- oe Rocmeed. It is 
shown that, while at first sight surprising, 
shrink of spheroidized cast-irons is to be 
posicwrs. mainly because the expansion due 


to the itization reaction is ee and 
occurs in the solidification process, than 
in plain grey cast-irons.—P.F. 


for mining machine components 
L. + J Gorushkina, at Zhitomirskii, and 8. I. 
Chernym (Lit. Proizv., 1960, (5), 42-43) 
Instead of structural carbon ‘and low- alloy 
steels, spheroidal graphite iron is used for 
mining machinery components. Its properties 
are similar to those of the above-mentioned 
steels as service life, and some exam- 
ples are given of components cast in this 
material which have given® relatively long 
periods of service. 


R bronze bushings cast iron 
V. Savel’ev Wa tion 1960, 


pe oo The iron bushings must have a 
rer Gao pearlitic structure of the 

to net ferrite for opera- 

tion ws hem rolls, and when operating 

with non-hardened rolls they must have a pre- 
dominantly ferritic structure (up to 80%). 


Effect of hardening conditions and the Ar 
transtormation on the residual stress of induc- 
tion-hardened steels H. Homma (Tetsu to 
Hagane, 1960, ag March, 437-439) The data 
include a — on the effect of carburizi 
and iron- pg | eo containing 0-2- 5% 
steel on t' ual stress.—K.E.J. 


Mn-Mo aioyed pearlitic malleable iron 
. W. Heine (Mod. Castings, 


1960, 37, Aug., 69, 70) An investigation of the 
i rovement in hardenability of pearlitic 

leable iron alloyed with Mn and Mo has 
aan that it is possible successfully to harden 


and temper heavy sections. 
acid steel economics C. F. 

Christopher (Mod. Castings, 1960, 37, Sept., 
75-82) A general d m of the 

of good steel cast economically. The acles- 
tion acid v basic the relative cost of the two 
Pp , the design and operation of the 
urnace, the differences in the chemistry of the 
two processes and the theory of deoxidation in 
the two processes are considered 


que wt econ rus and sulphur | ot bee 


(Mod. Ouse 1960, 37, March, ne 46) The 
theoretical basis ~— oe removal of P and 8 is 
discussed, and a p ure for achieving this 
is described. The improvements in properties 


henai 
o d are ized. 








Are low phosphorus and sulphur steels prac- 
tical today? D. Rosenblatt (Mod. Castings, 
1960, 37 Aug., 43) The writer gives his reasons 
for believing that, until the designers of cast- 
ings are more in touch with casting metallurgy, 
little improvement can be expected from the 
use of these steels. 

The effects of aluminium on the properties of 
acid carbon steel L. I. Levi and E. V. Khoron- 
zhek (Lit. Proizv., 1960, (6), 43-47) Experi- 
ments are reported to determine the effect of 
Ali ms amounts of from 0-5 to 4-2 kg/t on the 

physical and mechanical properties 
of mi ita carbon electric steel for intricate cast- 
ings. Four series of tests are reported, during 
which ex ental melts of 25L steel were 
prepared in the normal way and poured into a 
stop ladle containing 1-5 to 3-43 kg Al/t 
of steel. The castings were compared with 
normal pay the metal of which was de- 


volume of shrinkage, fluidity, gas content, and 

etic and physical properties, and the 
findings are tabulated. These show, inter alia, 
that it is not ible to arrive at a final con- 
clusion regarding any improvement of the 
plastic properties and impact strength of stvel 
with an increased dosage of Al, but no deleter- 
ious effects on these properties could be 
erm 


eye on chromium 
stool yy a non-onieiai C. Tani- 
chi, T. Tanoue, - Kotani (Teteu to 
agane, 1960, 46 March, 339-342) Details are 
given of an arrangement for ensuring @ con- 
trolled atm. during pouring, and inclusions are 
compared for casting in air, N,, and mould- 
paint gas.—K.E.J. 
increasing the service life of blades for 
crushing machines E. A. Simonov (Lit. 
Proizv., 1960, (3), 32-33) The blades are cast in 
green sand mculds, their working surface is of 
a cast iron containing 3-3-3-9%C; 0-9-1-2%Si; 
0-5-0-9%Mn; 3-0-4-5%Cr; and up to 0-12%8 
and 0-18%P. Casting temp. in the runners is 
1290-1310°. The blades are then subjected to 
nf tee rs heat treatment giving a hardness of 
cetaiiaiie sand drier M. N. Zolotykh (Lit. 
Proizv., 1960, (4), 44) A home-made sand drier 
is described constructed at the Novo Cherkask 
electric locomotive works. It has a capacity of 
2-5-3-5 t of sand per h depending on moisture 
content, and amposs at 200-250°C. 
drying and cooling of sand in a fluidized 
Yu. Ya. Kaganovich and A. O. Rogalin 
(it. Proizv., 1960, (3), 12-14) All the dis- 
He of drying and cooling the sand in 
rotating drums, heat-exchange installations, 
ete., are done away with by the method of 
fluidizing the layer of sand. The essence of this 
liquefaction consists in passing from 
low through the granulated material placed 
in a container a current of air which moves the 
grains at random, thus forming a p 
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liquid layer. Some examples of savings in time 
and energy with this method are set out. 
to sand design and 
: A progress report A. H. Zrimsek and 
G. J. Vingas (Mod. Castings, 1960, 37, Aug., 
94-108) This paper, the first of a series deali 
with basic properties of the various 
additives, considers the major variables en- 
countered in simple clay-water systems. 
Ramming oe a effect on hot 
compression strength of moulding sand K. W. 
Heine, J. 8S. Shumacher, W. F. Shaw, and 
E. H. King (Mod. Castings, 1960, 37, June, 
bg A Studies up to 2000°F were made. 
Seaman toes by green compressive 
testing R. W. Heine E. H. 
oo wwly ie J. 8. rman at (Mod. Castings, 
1960, 37, March, 86-88) A method for deter- 
mining the bonding power of clay in foundry 
sands quickly and accurately is presented by 
the authors. This method uses ‘effective clay 
content’, defined as the bonding power of the 
clay in a used foundry sand expressed as a per- 
centage equivalent to bonding power of 4 
given amount of new clay. 
test ase for controlling clay-bonded 
sand W. B. Parkes and R. G. Godding (Mod, 
Castings, 1960, 37, Sept., 59-66) The procedure 
of the shatter test is described, and its depend- 
ence, in use, on combination with the green 
strength test is noted. An appendix gives the 
apparatus necessary for the shatter test, the 
method of testing, and the precautions neces- 
when using the test. 
of sand-pitc 
mixtures Ya. I. Medvedev i cag: ae te 
(4), 22-24) A general consideration of the 
properties required of the different types of 
moulds and @ specification of the four most 
widespread mixtures now available under 
their respective code numbers are given. 
hods of reducing the cost of metallic 
V. L. Krylov (Lit. Proizv., 1960, (6), 
19-20) The patterns are made of materials 
resistant to heat up to 70° and withstanding 
the impact of icles of the materials to be 
pulverized such as gypsum, aluminium, lead, 
steel, copper, plastic materials, ete. The elec- 
trically ven machine type RK-2 is suggest- 
ed for pulverizing these substances. The pul- 
verized metal is melted in electric-arc furnaces 
and is atomized by a stream of compressed air 
under a pressure of 2-5—3 atm. The thickness of 
the couiied layer should not exceed 10 mm. 
This method of coating with atomized materi- 
als has reduced labour by a factor of 9-5 and 
production costs to a quarter. 
made 


of plastic materials A. 
Frenkel’ (Lit. Proizv., 1960, (6), 39) At os 
Likachev Motor works the principal raw 
materials for the manufacture of the equip- 
ment for metallic patterns are Al alloys. A 
method has been worked out for producing 
replicas with gypsum, which are made from 
wooden or metallic patterns, are dried in the 
usual dryers, coated with Nitrolac and with a 
separating layer and then filled with the plastic 
mass previously heated to 40-50° to ensure 
better penetration into all narrow places of the 
mould and the elimination of all air bubbles. 
The plastic materials are on a base of epoxide 
resins and results are satisfactory 
Patterns of plastic materials tor - and 
castings I. F. Siderenko, A. 5. Shuper, 
A. G. Ovodov (Lit. Proizv., eae (5), 39— 
40) A group of engineers at the Technological 
Design Institute (VPTI) jointly with the 
Electrostal works for heavy machinery have 
feevy’ patterns from plastic materials for 
vy castings. The plastic materials consist 
in parts by weight) of 100 epoxy resin t 
EDs 15 dibutyl phthalate; Dye | 0 
polyethylenepolyamine, 100-150 marshallite, 
and 60 sawdust (filler). A wooden pattern is 
used as a master model from which replicas are 
obtained with gypsum, alabaster, cement, and 
similar materials. These moulds are dried, 
blown with CO,, and coated with graphite 
prepared with waterglass. They are then 
covered with a separating layer (a 10-12% 
solution of polyisobutylene in benzene) to 
avoid adherence to the plastic mass, and are 
then filled with the plastic material mentioned 
ae resi for foundry patterns 
Epoxy ns 
Th (Castings, 1960, 6, Jan., 5, 7, 9, 11, i 
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15, 17) An account of the uses and limitations 
of epoxy resins, the cases where they are suit- 
able and where they are not, and the hazards 
of irritation and dermatitis arising from their 


use, 

Patterns moulded on a base of epoxide resins 
M. N. Kononoy and L. 8, Smol’yaninova (Lit. 
coud od ea Ttese Castegind Werks tor ycen 

at works for 

patterns. These have a smooth clean surface 
without any mechanical treatment. The 
accurac finish of the surface of the cast- 
ings is same as that obtained with metallic 
patterns. Shrinkage of xide resins is very 
prcag Pee eed exceeding 0-3%. Various mixtures 


comagatral for foundry patterns H. Waso- 
wiez (Prz. Odlew., 1960, 10, (5), 137-143) 
First the properties of the material n necessary 
~ the production of patterns from the resin 


= te the technique of making 
per Rigen = Paris and Kg resins 
the me rinses | the mixes for 


patterns are Finally meth- 
oot iuuhian, repair, and fixing the patterns 
to the plates are considered. In conclusion the 


economics of using epoxy resin patterns and 
the safety and hygiene requirements are given. 
~_ for the mechanized application of coat- 
and cores A. 8. Grigorenko 
@ tw 1960, (4), 45) At the Slavyansk 
works for coke and chemical equipment a 
machine has been psec consisting 
chiefly of a stati ressure chamber, con- 
nected by a pipe for ths pir nee of the liquid, 
to the coating point. It works at a pressure of 


0-7-1-5 atm. 

Calibration of instruments for moulding 
materials &. V. Fil’ (Lit. Proia., 1960, (5), 
43-44) Rapid methods of checking the accur- 
acy of testing instruments are detailed; for 
example, of instrument type 051 for measuring 
the strength of the wet patterns, and of instru- 
ment type 041 for measuring gas permeability 
ete. 

The effect of the heat deformation —— mould 


on the quality of 
« Dubrovskii (Lit. Proizv., 1960, weed orate 
t has been established that the mate: 
and cores ex (deform) — 
and thus create a 


resistance, stresses develop, conventionally 
called thermal stresses. These stresses increase 
pv peorrend when shrinkage sets in, i.e, when 
stresses caused by the mo mixtures 
are increased by the compression forces. The 
article reports on detailed investigations 
carried out with regard to these al 
stresses in the mixtures in the moulds and 
their effect on crack formation. As a result, 
these mixtures for the patterns and cores have 
been reclassified as a function of the thermal 
stresses originating in them and appropriate 
measures can then be taken to avoid cracks. 


Nekhendzi (Lit. Proizv., 1960, (4), 24-25} At 

the Foundry Laboratory of the ingrad 

Polytechnic Institute @ study was undertaken 

to investigate the saturation of iron and steel 

by H, in relation to the physical and mechan- 

ical properties of moulding mixtures and of the 

raw materials serving for their preparation. 

The main characteristics considered were the 

density of the rammed mixture, its moisture 
content, and its gas permeability. 

Gating and risering of ductile iron—a panel 

. Ductile iron effect on 

Mods Cas risering J. A. Davis 

Castings, 1960, 37, Sept., ag og The 

of carbon equivalent, M , 8, and 

tramp elements (e.g. Cr and ‘V) on t ie struc- 

ture and properties of ductile irons is con- 


si 

Green sand ductile iron Gating and 
risering J.C. McCartney (M ‘astings, 1960, 
37, t., 105-106) Casting - practice at the 

author's factory is described and explained. 
os and risering ductile iron castings 
— nm dry sand moulds D. M. Marsh (Mod. 
ings, 1960, 37, Sept., 106-110) Planning 
lure for new castings is discussed in 
terms of the author’s company methods. 


Reasons for decisions on whether to use risers 
or no, chills, chemical control, and dross, and 
general technique of es S are er 


noculation effect on raering” of grey iron 
H. D. Merchant Ay J. F. yallase (Mod. 
Castings, 1960, 37, Aug., 83-93) The work was 
carried out to determine the reason for 
riser requirements of grey iron 
resulting from inoculation. Green and core 
sand moulds were employed (27 refs). 
of for casti and 


casting frames 

covers of steel fittings V. I. Gorokhov (Lit. 
Proizv., 1960, (5), 41) The open sprues operat- 
ing at atmospheric pressure which are gener- 
ally used in casi steam and water-pipe 
fittings must be ulated more exactly in 
relation to the castings. Empirical methods are 
suggested using the d dia. na heights of the 
castings in relation to the head of the metal jet 
and the dia. of the Lae 

xothermail collars for of 


feeder heads 

cast steel fittings L. ©. Sokolovskii (Lit. 
Proizv., 1960, (3), 32) The composition of the 
mixture recommended is charcoal 38- 13%, 
charcoal powder 18-2%, Al powder 3-63%, 
powdered iron scale 8-0%, Fe—Si (5% quality) 
5-64%, waterglass 26-4%. The introduction of 
this mixture at a foundry has increased the 
— of good quality castings from 63-5 
to 77%. 


Exotherma! mixtures for dead heads 
of steel castings 8. A. Geller (Lit. Proizv., 1960, 
(3), 31-32) A few mixtures in use at different 
foundries aré given; one which gives very good 
results and has been d ber of 





the structure changes in the surface of castings 

a couan thes speed production A. M 

Shirley (M Mod. Casts Castings, 1960, 37, Sept., 40-42) 

The advantages of these cores, both for pro- 
duction and surface finish, are described. 

¢ resin bond in solid sand cores 11. K. 

. Greaves (Mod. Castings, 


1960, SS, Jul uly, 161- —110) The development of | 


eee of bond, its characteristics, and 
opi mo. of mixes for various purposes 
 Geeutenme os ine @ it Works with the 
enau 

of cores in hot boxes ?. Jasson 

(BCIRA J., 1960, 8, July, 553-566) The 
method used by Renault for hardening cores 
while still in contact with the pattern is des- 
cribed. Principles, core-binders, sand choice, 
a green properties, properties after 
ening and behaviour on cooling, the tech- 
peony Sermon scope of application of the method 


Concerning substitutes for oil binders N. G. 
Bogdanov (Lit. Proizv., 1960, (3), 39-40) 
Among the difficulties met with in the use of 
binders on an oil base is the fact that GOST has 
no standards for tallow oil, therefore, binders 
on the base of these oils are not always uni- 
form and suitable for high quality cores. Trials 
are in progress ~. possible — but 

results t yet be 

of bentonite at the Stalingrad 
Tractor Works K. P. Zan’kovskaya (Lit. 
Proizv., 1960, (4), 46-47) Bentonite from three 
has been tested in the works labora- 








by a 
foundries is 34%Al, 33% i iron scale, 33% Port- 
land cement, and 8-12% water by volume. 
Exothermic mixtures with 
V. I. Ivanov (Lit. Proizv., 1960, (4), 5-6) ine a 
result of tests under industrial conditions the 
best mixture was found to contain 19% fine 
quartz sand, 3% clay, 2% dextrin, 50% scale, 
5%NaNO,, 21% ferroaluminium (65% og the 
by weight. pend ow een Tay. Bee 
normal covered s head weighed 
and one with the exothermic insert 4 kg 
of siedinen saatiend steel 
N. I. Averbukh (Lit. Proizv., a 
(6), 1-8) The medium and large size casti 
produced in small numbers and individ 
are divided into six groups so as to anaes 
possible a certain degree of standardization of 
the casting operation. These groups are treated 
separately with examples from actual practice. 
Life saver for bottom boards G. H. Seaberg 
(Mod. Castings, 1960, 37, July, 36-37) The 
prov t in life of bottom boards sprinkled 
with waterglass and silica sand is decattoad. 
Various methods of applying the coating are 


given. 

Machine moulding of castings in 93 
batches using caivenal su 
Januszewicz and Z. Puzia (Prz. Odlew., 060, 
10, 6). 129-137) The aim of the article is to 
a y foundries with detailed data on the use 

ese plates. Their appropriate design and 
the most convenient equipment from the point 
of view of practical use is selected, keeping in 
mind existing moulding machines and stan- 
dardized moulding boxes. An economic anal- 
ysis of this kind of moulding for the conditions 
prevailing in Poland is made, and several 
examples of practical applications are given. 

Automatic vibro-com ing of sand moulds 
under h pressure B. K. Svyatkin (Lit. 
Proizv., 1960, (4), 8-10) A special automatic 
machine is described the action of which con- 
sists in pressing the bottom plate from above 
into the moulding mixture and withdrawing it 
very smoothly from the box. The mould 
placed underneath relative to the pattern, the 
smooth withdrawal under the simultaneous 
action of the vibrators and the total exclusion 
of any possible deformation by the bottom 
plate makes possible the production of very 
exact patterns. 

Mould coatings M. N. Brilakh and V. I. 
Yasnogorodskii (Lit. Proizv., 1960, (5), 6-8) 
The most effective method = controlling the 
chill in the castings is to to the mould 
coatings of corresponding t nik ess and com- 
position. These coatings serve a double pur- 
"a as heat insulators and as surface inocu- 

rs. A few formulae are given for such coat- 
ings and the results of investigations regarding 
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tory: from Lyangarsk, Zatisnyansk, and 
Oglandlinsk. The best properties were found in 
— last-named variety. 
calculation of core prints Yu. V. 
Pe (Lit. Proize., 1960, (4), 10-11) Avail- 
able handbooks give a relation between the 
length of the core prints and their dia., but the 
dia. do not determine the force acting on the 
cores during casting. The GOST 3606-57 
standard suggests that the length should be 
chosen in accordance with the ratio (a+ b)/2 
em and gives relevant tables. However in view 
of the shortcomings of this method « few 
ions have been derived, the results of 
which are more accurate. 

Universal attachment for core boxes R. 8. 
Evdokimoy and G, 8. Shalyminov (Lit. 
Proizv., 1960, (3), 28) A special core box is 
shown with drawings in which the core is 
knocked out by the rotation of a handle 
mounted on @ yg SO 


Preparation of of rapidly hardeni 
inlalenen tar the 40, bem resp ast the com 
biowing core machine . Pokrov- 


skaya, A. A. rong ote} M. 5 Razumova 
(ZAt. Proizv., 1960, (3), 29-31) Two special 
adaptations for the type 287 machine for core- 
making are shown, intended for blowing CO, 
for 30 sec, The cores after one day’s storage 
have a compression strength of 8-10 kg/cm’. 
After atehen core dimensions for chill 
casti D. 8. Soskin (Lit. Proizv., 1960, (5), 
4-6) The Ail Rhescion Scientific Research Insti- 
tute (VNIIMNASh) carries out investigations 
to produce standards for chill mould casting in 
which the shrinkage of cores plays an import- 
ant role. The article considers the gaps between 
the guide sections of the metallic cores and 
between the core prints of sand moulds and 
the respective openings in the moulds. Tables 
are provided for the selection of the appropriate 
a 
’ ‘Anti-burn paste of watergiass N. I. Pristu- 
lyuk (Lit. Proizv., 1960, (4), 47) At the 
eek Machine ‘Construction works, an 
anti-burn paste has been tested with good 
results. It is used for coating the mould and 
consists of 2 kg silver graphite, 0-5 kg benton- 
ite paste, 0-3 Ske waterglass (2-3-2-4 standard; 
sp.gr. 1-5), 0-6-—0-8 1 water. For coating 
cores the silver graphite is partly replaced by 
the black variety. 
casting in record time English Steel 
Castings Corp. (Iron Coal Trades Rev., 1960 
181, July 22, 203-204) An illustrated account 
of the casting of two 180-t housings for an Al 


rolling mill. 

Production large casti in permanent 
moulds N. A. Sokolov (Lit. Proizv., 1960, (3), 
4-6) The advantages of casting large steel 
parts in permanent moulds have not been fully 




















utilized because this process has not as yet 
been widely introduced. For example, a 180-t 
ingot is needed for a fo: roll, while the same 
roll can be cast, including sprues and risers, 
from only 75 t, Other examples are given of 
heavy castings instead of forgings. 

The use of fusible separators V. V 
Ivanov (Lit. Proizv., 1960, (5), 42) The casting 


which must be determined by each foundry, 
the tabulated records suggest an empirical 
method for determining the final accuracy. 
casting mould Ww. G. 

Lawrence (Mod. Castings, 1960, 37, Aug., 109- 
118) The various types of inorganic binders are 
discussed with icular emphasis on their 
hemical formation and high temp. properties. 





of locomotive wheels requires great accuracy 
of nee ee surface of the hub, which is 
difficult to obtain owing to floati - 
ticles. The author suggests iia one iron 
plates 0-75 to 1 mm thick attached to the 
central core and pointing in the direction dia- 
——s, opposed to the flow of metal. These 
plates will melt as the level of the liquid metal 
rises in the mould, and the non-fused portion 
remains above the metal and serves as a 
scraper cleaning the surface from the floating 
slag particles. 

Renting 2 hoary cast lone. Mame bn sand — 
cement xtures F. Meier, G. Gize, and E. 
Netsmann (Lit. Proizv., 1960, (6), 12-14) A 
detailed description is given of the casting of 
an iron frame 7 x 1-86 2 m with 60-70 mm 
thick walls at the VEB Ernst Tahlman Works 
Buckau, Magdeburg, Eastern Germany. The 
chemical composition of the iron was 3-36%C, 
1-55%8i, 0-80%Mn, 0-15%P, 0-10%S8, with a 
strength index of 48-1 kg/mm" in bending tests 
(16 mm) which fully satisfy the DIN 1691 
specification for GG-26 cast iron. 

The casting of a turbine bucket wheel V. A. 
Sintsov (Lit. Proizv., 1960, (4), 44) The wheel 
has a diameter of 2-25 m, is cast in a pit 3-0- 
3-2 m in dia. and 0-8 m deep. A full description 
is given of moulding mixtures and of the cast- 
ing process. 

chains of small diameter N. T. 
Rusnak and A. Ya. Solyanov (Lit. Proizv., 
1960, (5), 40) The process of casting chain links 
is reviewed, from its introduction in 1911 at 
the Marion Shovel Co. and its introduction to 
Russia in 1932, to the general application in 
the Soviet industry and the improvements 
leading to the casting of chains in one stage. 


Improving the tech of casting of side 
walls for = bd for rei pomee § ping 
G. M. Khatskevich (Lit. Proizv., 1 , (3), 


33—34) The sidewalls of these moulds consist of 
an open-work thick cast iron skeleton with 
ribs of about 15 mm dia. Depending on the 
conditions of casting at different works, varia- 
tions have been introduced in the design of the 
pe ribbing permitting a reduction in 
the thickness and thus saving large quantities 
of metal. Some examples are given. 

Centrifugal machine for casting flanged pipes 
A. 8. LePgant and A. 8. rezov (Lit. 
Proizv., 1960, (6), 17-19) The machine casts 
iron- ed water pipes and special pipes with 
eer es for the chemical industry, 
3 mm in length and of 150, 100, and 75 mm 
dia, It is a new design with code number 
TsMF-2 and consists of a steel frame on which 
is mounted the pouring assembly, a head-stock, 
carrier, and a tail-etock. It is mounted on solid 
foundations with a uniform angle of 1° to the 
horizontal and has the following character- 
istics: 850 rpm for casting 100 mm diameter 
pipes, production capacity 10 pipes/h; working 
air pressure 6 atm. Dimensions 6890 x 900 x 
1040 mm. 

Com casting: Now you can cast the 
i A. J. Steiger (Mod. Castings, 1960, 
37, Aug., 34-37) A revolutionary new method 
of casting is described and illustrated. By this 
method large, thin-walled, ribbed parts may be 
cast from steel and non-ferrous metals and it 
is claimed that a microgranular structure 
without any kind of defects in the form of 
prowene porosity or gas bubbles may be 


obtain 
Accuracy of dimensions and the surface 
ng of —: I. Goriunov (Lit. Proizv 
960, (5), 1-4) problem of increasing the 
accuracy of the dimensions of cast machine 
components and so reducing mechanical treat- 
ment and metal waste has been studied theo- 
retically over long periods for investment and 
for pressure casting by establishing technical 
criteria such as a coefficient of metal waste 
and proportion of liquid metal used with the 
aim of reducing the former and increasing the 
latter. Although many factors affect shrinkage, 





The value of differential thermal analysis as a 
tool is stressed. 

Casting in anodized moulds 0. L. Petrov 
(Lit. Proizv., 1960, (4), 46) A mould cast of an 
Al alloy was subjected to hard anodizing in a 
bath containing 250 g H,SO, per litre of water; 
solution temp —1 to —5° with 2 amp/dm* 
current density at 60 V; duration 2 h. A high 
mp (2000°) wear-resistant anode coating was 
obtained of 50-60 microns thickness. The outer 
surface of the mould was covered with AK20 
varnish. Castings in these and ordinary moulds 
were compared and results tabulated. It may 
easily be seen that UTS increases by 2-3 
kg/mm* and elongation by a factor of 1-5-2 as 
com to castings in the non-anodized 
moulds. 

Specifications for the investment casting 
industry in the U.K. L. 8. Taylor and A. G. 
Mason (Found. Trade J., 1960, 109, Aug. 4, 
147-155) The development of standards and 
discussion of BS.3146, BS.592C, and CLA 7 
and CLAIC are considered, with tabulated 
data on mechanical properties and forecasts of 
future work. 


Dilatometric investigation of 
materials for investment casting N. N. Rubtsov 
and I. L. Zelikov (Lit. Proizv., 1960, (4), 35- 
38) Experiments have shown that when heated 
to 1300°, the increasing difference between the 
expansion of the ceramic coating and the 
liquid metal in the mould, as well as the initial 
stages of crystallization, cause deformation of 
the ceramic cover, Thus, in flat surfaces, 
hollows occur due to the swelling of the ceram- 
ic coatings. 

Watergiass used in investment casting of 

V. M. Korolev and V. M. 
Stepanov (lit. Proizv., 1960, (6), 16-17) A 
method is explained which has made possible 
the use of investment casting for more than 
20 different components from 35KhGSL and 
27KhGSNML steels of intricate designs with a 
wall thickness between 2 and 20 mm, up to 
1000 mm long, and up to 30 kg in weight. The 
patterns are moul in gypsum with ceramic 
coatings consisting (for the first layer) of 52% 
marshallite and 48°, waterglass and for the 
subsequent layers of 47% marshallite and 53% 
waterglass. The viscosity of the waterglass was 
increased to 3-1-3:3 by treatment with 
ammonium chloride and its specific gravity 
was 1-29-1-30. 

Shell moulded ductile iron castings gating 
and risering for vertical pouring H. ©. Meri- 
wether (Mod. Castings, 1960, 37, Sept., 110- 
111) Formulae for the calculation of the follow- 
ing seven design steps are given; pouring time, 
effective sprue height, required choke area, 
runner size, runner gate size, total ingate size, 
riser and riser connexion sizes. A typical 
worked example is given to illustrate the 


method. 

A peuring system with a vertical slit feed 
K. I. Tkachev (Lit. Proizv., 1960, (4), 6-7) A 
dense casting is obtained with directional 
crystallization in the mould, by means of 4 
vertical slit feeder in which the rate of pouring 
corresponds to the rate of crystallization. An 
example is described for casting bronze and 
brass steam and water fittings and a diagram 
is given of the pouring system. 

Thermodynamic analysis of the chemical 
reactions in the casting mould Yu. P. Vasin and 
P. V.Chernogorov ( Lit. Proizv., 1960, (4), 25-29) 
An investigation of the physico-chemical reac- 
tions occurring at the mould-metal interface, 
chiefly responsible for the formations of burns. 
These reactions are classified into reactions 
occurring at the liquid metal-sand interface, 
clay moulding mixture, and those at the liquid 
metal-mould interface with mixtures contain- 
ing rapid yan | and chemical hardening 
agents mixed with waterglass. Results corres- 
pond closely to practical data available and 
make possible the elimination of these defects 
by taking certain precautions. 
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The temperature distribution in fou 
moulds 8. Slovak (Sbornik (Ostrava), 1960, 
(1), 26-32) Heat transfer in moulds of various 
simple shapes is considered, and the time 
variation of the isotherms in the moulds is 
evaluated.—P.F.) 

External coolers to control the heat extrac- 
tion from large castings P. F. Vasilevskii and 
L. I. Plotinskii (Lit. Proizv., 1960, (6), 8-12) A 
new method of combating casting cracks in 
large castings is descri as applied to the 
bottom half of a ~~ pressure turbine cylinder 
measuring 4800 x 300 x 1250 mm and weigh- 
ing 20-7 t. It consists in passing a current of 
compressed air through the mould at a certain 
distance from the zone in which these cracks 
usually appear. For this purpose a 1} in tube is 
built inte the mould at about 30 mm distance 
from this zone so as to control the temp. 
gradient during cooling. Results obtained are 
very satisfactory. 

The solidification of metals within a tempera- 
ture A. A. Skvortsov (Lit. Proizv., 1960, 
(6), 37-42) The published theoretical solutions 
of the problem of the solidification of metals 
follow in most,cases from the conditions of the 
dispersion of the latent heat of solidification 
determined by the constant temp. at the inter- 
face between solid and liquid metal. Investi 
tions have shown that the solidification of 
alloys takes place within a temp. range porres- 
ponding to the constitutional diagram’ when 
the two-phase zone of a measurable width 
appears in which heat dispersion and crystal 
growth occur. This article is an attempt at a 
mathematical solution of this problem on 
the strength of the analogy with the extraction 
of hydrothermal energy. 

The scabs on steei castings B. B. Gulyaev, 
L. M. Postnov, and Yu. F. Borovskii (Lé#. 
Proizv., 1960, (6), 25-29) Specimens of 35L 
steel were melted in acid 3-t electric arc furn- 
aces and then cast from a stoppered ladle 
through 40 mm dia. pouring funnels at 1530- 
1560°. It was necessary to reduce casting 
speed so as to increase the duration of the 
action of the liquid metal on the sides of the 
mould. Two series of tests were carried out, 
one on the thermo-mechanical effect of the jet 
of liquid steel on the surfaces of the mould, the 
other on the mechanism of scab formation 
which was examined as a result of the effect of 
the meniscus of the rising liquid metal on the 
upper horizontal surface of the mould. The 
conclusions reached suggest that scabs ma 
be avoided by a correct selection of the level of 
the feeding sprues, of the rate of pouring and 
by the position of the casting which will 
depend on the moulding mixtures. 

Calculation and vagy #3 for knocking-out 
frames M. E. Sbrodoy (Lit. Proizv., 1960, (3), 
14-16) In existing knocking-out frames, flaws 
developed in the fixed supports due to struc- 
tural errors. The mechanical aspect of a 
knocking-out frame is considered theoretically 
and a method is set out for calculating the 
necessary strength of the principal load- 
bearing components of the frame. Designs are 
shown which have proved suitable under 
extensive tests. 

Optimum parameters for vibration and 

wer of knocking-out inertia frames L. F. 

iokumovich (Lit. Proizv., 1960, (5), 9-12) 
Two types of knocking-out frames made in 
Soviet Russia are considered. The calculation 
of the main parameters is given and some 
practical examples are considered. The con- 
clusion reached is that the ‘Sibtyazhmash’ 
frames with parameters nearest to the caleu- 
lated values have a productivity larger by a 
factor of 8 and a power consumption smaller 
by a factor of 4 than the other frames. 

Frame for filling moulds N. F. Vyazemskii 
(14t. Proizv., 1960, (5), 44) The frame is made 
of 45 x 45 mm le sections and moves on four 
wheels. It has a lever on which a tilting ladle 
can be slipped so on that it can be filled at the 
cupola tapping notch or from the metal carrier. 
It runs on narrow gauge rails and has given 
complete satisfaction in the two years it has 
been in commission. 

Casting defects R. W. Heine, E. H. King, and 
J. 8. Schumacher (Mod. Castings, 1960, 37, 
July, 46-48) This gives the principles of 
quality control by green sand practice. 
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a ee anes aie 


et may 

pet een fap: iy s siniey Test castings 
in such @ way as to in 

Chintrrlationhip of ur grain 


‘ot microporosty. values of 
Prepress : up 
in t; aur 
pds y= pier psi (in high porosity 
Gap formation in permanent mould 


mould castings 
J. Henzel jun. and J. Keverian (Mod. 
pg 1960, 37, July, 87-93) The mechan- 
ism and control of gap formation are dis- 
cussed in the light of past work, and the infor- 
mation required is stressed (26 refs). 

Defective Fy) iron (Foseco Found. 
Practice, | pril, 1-3) Cavities and inclu- 
sions revealed on machining are shown. 

The nature of iaps in A. M. Petri- 
chenko (Lit. Proizv., 1960, (3), a Investiga- 
tions have shown that laps on the surface of 
castings are produced by a pote ch of causes 
which may be classified as follows: pa deat 0 
ticular feature of the casting; (b) the 
and conditions of the liquid Ard way (c) the 

ity and the t properties 
moulding mixtures; (d) the features of — 
mould; (e) results of interaction between 
the surface of the mould and the metal. Some 


, 1960, (4), 39-40) 
in ions 
here described that as a ode meant the 
i of the cast iron components, especi- 


‘threads’ occur in the tail of the pipe. The 
eg ategaigee8fbw Seay Sage ty ge. 

uch reduced so that when the sprue is cut 
potsne the cracks form because of temp. 
stresses. 


Stacker cranes link ng, pouring, 
shakeout H. van Handel (Mod. Castings, 1960, 
37, Aug., 40-42) The design and advantages of 
stacker cranes are and the use of 


and its application to 
foundry practice H. A. Krall (Giesserei, 1960, 
41, May 19, 251-259) The iples of the 
met _ described, and its yore range, 
methods of improving accuracy, its prac- 
tical application are investigated (19 refs). 
Clean air for foundries W. H. White (BCI RA 
J., 1960, 8, July, ah Pama igo ee of 
the regulations relat: ternal dust 
fume pollution in fo ics os discussed, and 
of prevention, suppression or control 
of dust are considered. The t of Bee gsm 
available are described rated, and 


VACUUM METALLURGY 


Vacuum metallurgy W. H. Dennis (Min. 
Mag., 1960, 102, May, 278-287) A —_ of 
— Coe ae ig smemategarat pokb ef review 

applications, ferrous, and non-ferrous. 

Fundamental study on vacuum seo 
Csoten ont “he recovery & alloy. addition: 
H. Sawamura, T. Mori, Janene and H. 
Inoue (Mem. Fac. Eng. K Univ., 1960, 22, 
April, 296-248) (I Engtiah Tots on ee 
ferent ty on —w use 0 
@ carbon rod, yn pe he effects 0 vacuum melt- 
ing on the composition of stainless steel were 
studied. t Mame sg was improved with a 
special 
Scicaneneh antes tit aniaue onthe take 
viour of some accompanying elements in iron 
melts under high vacuum W. A. Fischer and A. 


Hoffmann (Arch. Hisenh., 1960, 31, July, 411- 
417) The influence of C and O on the behaviour 
of Cu, 8, P, As, and N in melts with initial 
contents of 0-001 to 3%C and 0-001 to 0-25%0 


O content. P behaviour is influenced mainly by 
O content; with O-concentrations P also 
reacts with the basic crucible material. Rate of 
N removal drops sharply with increasing O, 
content (19 an 

Vacuum melting and casting. Effects on 
——.. il K. G. Lewis (Iron Steel, 1960, 
= pril, 147-152) The effects on composition 

ue to remov by vacuum casting 
under i todumeial Soeanions are considered: the 
removal of H, N, and O and the influence on 
the amount and composition of non-metallic 
inclusions, together with the effects of vacuum 
casting on segregation and heterogeneity are 
reviewed, 

Model — for the degassing 
Gere & molten metals and O. 

inkler (Rev. Mét. Mém. Sci., 1960, &7, July, 
520-526) In tests based on the use of models 
with the CO,/water system, factors were deter- 
mined which govern the formation of bubbles 
in the liquid. Formulae previously advanced 
are reviewed. 

The relation of carbon ang in meiten 
steel under low omen get jii (Tetsu to 
Hagane, 1960, 46, 285-287) The experi- 
_— hf ‘induction furnace is described, and 

iven for the relationships between C 
nen 0-30 mm Hg, and C x O and 
in the range 30-12 mm at 1540°C.—x.z.3. 

Influence of as casting on some steel 
(sheet) L, Colombier and C, Royer 
(Rev, Mé., 1960, 57, —_— 491-499) The prop- 
erties are of sheet rolled from two 
30-tonne ingots cast from the same ladle of of 
steel, one under vacuum and one in air. A clear 
improvement in ductility was obtained in the 
vacuum-cast material. 


treatment of metals and 
F. Krall (Stahl Eisen, 1960, 80, Sept. 29, 1337- 
1338) The principles involved in the of 
continuous vacuum furnaces for the 
treatment of stri: and wire are discussed and a 
—_ plant is described in which 
pre dois hl colin ath chambers, he 
of pressure-stage 
individual chambers are connected to pumps 
pe a their maximum Bo ing ae 
just in the pressure range i 
chamber concerned. At present auch « plant i 
not an economic proposition but may 
Sia in very apes rents 


Spheres of ——- = high vacuum 


et cote ces 
y> » 496) t 

to avoid the pickling process caeeaned, with 
an account of pit-type installations and of 
blueing and vacuum descaling processes 


REHEATING FURNACES AND 
SOAKING PITS 

bg and para- 
meters of -pits B. Ondrake tent, 
1960, y (6), 229-235) A detailed analysis is 
made of the iormance of soaking-pits and 
of factors such as design, recuperator charac- 
teristics, t fuel utilization, ete., affecti 
cost and efficiency of operation Automation o 
the fuel regime, shortening of repair times, 
improvements in recuperator refractory 
ity, ete., are shown to provide scope for 
significant improvements.—». F. 

of 


U-fired er a Re D. K. 
Griffiths, and BF Siawei (JISI, 1961, 197, 
Feb.. » 117-181) {This feous 


Rine virus 1960, 1 ah bat 2485 Current 


practice prevalent in Czecho 
ysed. intended to eaealien aes pro- 
cedure are made, including the introduction of 
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certain novel features, which might be 
utilized in the production of new furnaces. 
Automatic contro! of M. Gott- 
wald (Hutn. Listy, 1960, 15, (6), 429-432) 
Control systems developed in Czecho-Slovakia, 
as well as those of Siemens and Siemens- 


's cen 3 
Steel, 1960, 26, Sept., 325) With special refer- 
= to the anes reams - 
furnaces J. J (Hutnik, 1960, 10, (6), 
238-241) A eritical survey of reheating pro- 
cesses in rolling mills is made, Rotary furnaces 
are shown to be efficient, up-to-date, and 
economical. Wider use of such furnaces in 
Czecho-Slovakia is reeommended.—pr.F. 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


indo-German venture for industrial furnaces 
(Tron Steel Rev., 1960, 3, March, 27) A company 
set up by OFU of Germany and LYNX of 
Caleutta, known as OFU LYNX Private Ltd, 
is referred to. 

Rate of combustion in an experimental 
furnace M. Maezawa, T. Shirosawa, T. Koiz- 
uma, 8. Oba, and T. Takai (Teteu to Hagane, 
wee 46, sr etd ee 

rnaces ©. a 

(Hutntk, 1960, fo: (6), 235-238) An analysis of 
the factors affecting the performance of the 
is made and 13 recommendations are 
listed.—r.¥. 

New methods of intensive heating O. Modré- 
~ (Hutn. Listy, 1960, 15, (6), 441-444) The 

and present states of development and 
uti sees ap of radiation heating, induction 
» Tesistance heating, heating in 
per y reducing atmospheres at high temp. 
vent scale formation, ios surveyed. oe 
are 

on-the-line for org deg Be, W. E. Macer 
(Met. Treating, 1960, 11, April-May, 7-9, 37) 
The elements, which vary in size betseen 4 in 

long by } in dia. and 8 ft long by 2} in, are 
e of self-bonded silicon carbide. The active 
central portion is made of «-hexagonal 
crystals while the ends are of 8-cubic crystals 
of lower resistance. Details of installation are 
ines together with operating characteristics. 
xamples of application in heat-treating 

are “4 —A.H.M. 


Air heaters. New og a of combustion air 
supply (Jron Steel, 1 32, April, 138) The 
system embodied in the oil-fired air heater 
pip em by Colt Ventilation Ltd, is described. 

A pressure blower and a system of vanes pro- 
duce two contra-rotating streams, creati 
turbulence which ensures eo and complete 
mixing of oil mist and air. Complete combus- 
tion is achieved in a small space, and a barrier 
layer of ‘air i is formed which enables the size of 
the hamber to be greatly reduced. 

The correct use of oil fuel and oi! burners 
G. O. Fenner (Inst. Vitr. Enamel Bull., 1 
10, March, 307-313, discussion 313- 316) A 
general article, without reference to specific 
applications. 

On the theory and of injection burn- 
ers V. Balavanov (Hutn. Listy, 1960, 15, (5), 
366-371) The design of injection burners is 
considered, and a new design procedure is 
developed. This takes into account practical 
requirements such as resistance of burner per- 
formance to due to pressure fluctua- 
tion in the furnace, the effect of burner ignition 
on the fuel/air ratio, and steady combustion in 
operation.—P.F. 

Furnace control with continuous 
Fi, Aug. Sept, - Maley (Met. Treating, 1960, 

1, Aug.—Sept., 5-9) The author points out the 
and advantages of continuous gas 

panes describes the basic t of gas 
analysers and their performance. Ri naaiee- 
tion of continuous gas analysis to annealing 
and hardening processes is described.—a.H.M. 








and 
(Tidsskr. Kjemi. Bergv. M., — 20, Feb. 28, 
38-42) Properties, fact an 
tions of a number of these gases are Soeihed 
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agai by combustion of NH M. Komo, 
% pony and Y. Terasaka. if, Generation of 
RX ate ty use of butane gas A. 
Adachi, 8. Yamada, and T. Banno (Tetsu to 
he oy 1960, 46, March, 393-394; 394-396) 
I. The atmosphere generator and analytical 
apparatus are described. Results are given for 
partial combustion of NH, using Ni, Fe, and 
no catalyst. II. An endothermic atmosphere 
generator is described and operating data and 
analyses of final gases (from C,H, and C,Hj9) 
are given.—K.E.J. 
intenance of heat treating equipment 
W. A. Miner (Met. Treating, 1960, 11, Aug.— 
po ve 10-12) The author describes the pro- 
ure adopted by the Douglas Aircraft 
Company Ltd, USA, in the maintenance of 
their heat treatment furnaces. This includes 
riodic testing of thermocouples, blowers, 
eak detection, and insulation testing.—a.H.M. 

Isothermal heat L. F Spencer 
(Met. Treating, 1960, 11, June-July, 5-15, 44) 
The author starts by describing methods of 
obtaining ‘S’ curves and their application in 
conventional heat treatment. Although a large 
number of examples are given the article offers 
little new material.——a.a.M. 

Heat-treating hardness hot work tool 
steel (Prec. Met. Mold., 1960, 18, July, 41) An 
account of the heat-treatment of UHB Calmax 
Cr-W-Co steel. 

experimental results on the elimination 
of Widmanstitten structure from plain carbon 
steel T. Okada (Tetsu to Hagane, 1960, 46, 
March, 444-445) The relationship between 
reheating temp. and time for elimination of 
the structure is shown, and optimum heat- 
treatments are suggested.—K.E.J. 

Heat-treatment of high-chromium cast irons 
T. Shimizu (Tetsu to Hagane, 1960, 46, March, 
400-402).—x. 2.3. 

Effect of heat-treatment conditions on mech- 
anical of alloy G-18B M. Nishihara, 


T. Nakano, 8S. Yamamoto, and 8. Kita (Teteu 
to Hagane, 1960, 46, March, 386-388) The data 
include the effects of heat-treatment on room 
temp., mechanical properties and short-time 
high temp. tensile properties, and of soln. and 
ageing treatments on creep-rupture strength 
at 650°C.—x.E.J. 
steels O. W. 

McMullan (SAEZ J., 1960, 68, April, 52-54) The 
author describes the effect of various heat 
treating parameters on the structure and hard- 
ness of an alloy steel used in bearings (2:97% 
Ni, 1-80%Cr, 5-19%Mo). It is demonstrated 
that multiple tempering, up to six cycles, 
results in complete Sconeliceasetienn of austenite 
and hence high hardness numbers.— a. H. M. 

Heat treatment of metais at Martin-Baiti- 
more as applied to the Mace TM 76 Missile F. 
Snyder (Met. Treating, 1960, 11, April-May, 
2-5) A brief description is given of furnaces 
used for the heat treatment of ferrous and 
non-ferrous metals used in the manufacture of 
the Mace TM 76 Missile. The article deals 
mainly with the advantage of the free-fall 
method of quenching over the conventional 
basket method, details of the technique used, 
operation, and the economical aspects. 

fA on heat-treatment of cold- 
drawn pipes Y. Nishio, K. Mateudo, and M. 
Matsumoto (Tetsu to Hagane, 1960, 46, March, 


397-398).—xK.B.3. 
on the proper- 
L. V. Mironov, 
Vv. G. Sazonov, V. V. Levitin, and N. M. 
Rodigin (Metallov. Obra. Met., 1959, (1), 26-30) 
The influence of high-speed electrical heating 
(up to 1000°C/sec followed by air cooling) on 
the mechanical properties, recrystallization 
, and resistance to intererystalline 
corrosion of three stainless steels. Optimum 
rties were obtained after heating to 

150-1 200°C. 

Studies on the subzero treatment of steels. 


and T. Ando ( T'etsu to Hagane, 1960, 46, March, 

404-406) The results on hardness and wear 

rties are described for specimens car- 

zed at 930°C and given various quenching 
and tempering treatments.—K.E.J. 

On the possibility of raising the peak car- 

burizing temperature to 980°C A. M. Tarasov 


and M. R. 8emenchenko (Metallov. Obra. Met., 
1958, (9), 39-42) Raising the temperature 
from 910° to 950° and then to 980° gave better 
case quality, equal strength, a carburizing rate 
40-50% higher than at 910° and 15% higher 
than at 950° with consequent saving. 

The case-hardening of nickel alloy steels 
(Mond Nickel Co., Monograph, 1960, pp.36) 
Pack and gas carburizing processes are des- 
cribed as well as subsequent heat treatments 
ineluding martempering and also sub-zero 
treatment. Properties of case-hardened steels 
are given and the relation of case depth to 
temp. and time is given in an appendix, also a 
list of US steels. 

High-tem re carburizing O. E. 
Cullen (SAE J., 1960, June, 78-79) Results 
are reported which show that by gas carburiz- 
ing SAE 1022 steel gears at 1850°F, instead of 
the conventional 1700°F, the cycle time is 
reduced from 9 to 44h. The microstructure and 
carbon-case depth characteristics compare 
favourably with the 1700°F carburizing. The 
technique has been applied with similar results 
to other steels such as SAE 4027, 4815, and 
8620. 

1.H.E. induction hardening machine for 
tractor shafts (Machinery, 1960, 97, Sept. 14, 
625-626) The machine takes shafts up to 
3 in dia. x 24 in long with flanges up to 5 in dia, 

Measurement of residual stress by induction 

M. Nishihara, T. Nakano, and T. 
Goto (Tetsu to Hagane, 1960, 46, March, 435- 
437) Data are given for sections of hardening 
parts (Sachs method) and of non-hardening 
parts near hardening parts (X-ray diffraction 
method).—-K.z.J. 
a metal to resist wear J. K. 
Elbaum (Product Eng., 1960, 31, Aug. 22, 43- 
pn Boe avery and surface treatments such as 
carburizing, nitriding, or flame spraying are 
briefly considered. ar ee 

On the decarburization of whiteheart malie- 
able cast iron in the exothermic converti 
atmosphere from K. Nagasaki and N. 
Komuro (Tetsu to Hagane, 1960, 46, March, 
398-400) The — diagram of the 
F 2-H,-H,O system is related to 
atmospheres produced from air-C,H, mixtures 
and the wt decrease on decarburization is 
related to the air/C,H, ratio, time, and temp. 


Conveyor type furnace for anneali 

A. V. Skvortsov (Lit. Proizv., 1960, Png wt 
A continuous conveyor furnace is described 
with automatic control of any given cycle of 
operation, intended for ling 75-150 mm 
dia. pipes up to 4 m in length. Capacity 
100 pipes/h, fired with blast-furnace gas of a 
onlealie coins of 930 kcal/m*. The pipes arrive 
heated at 600° and temps. are raised to 950° 
maximum temp. for a holding time of 45 min. 





Drawings are given. 
Studies of protective for the anneali 
of cold-worked steel P. Middelhaufe, W. Fei ~~ 


E. Jaspert, and M. Koch (Stahl Eisen, 1960, 
80, Sept. 29, 1338-1345) The gas produced in 
situ was analysed by of a ber of 
commercial gas analysers. The changes in com- 
position during use in the furnace and the 
effect of the gas on the steels were also studied. 
The gas analysers tested all showed very simi- 
lar results and were quite satisfactory as long 
as low-C steels were concerned, but when 
high-C steels were annealed, the CO, and CH 
contents had to be measured with specia 
instruments. The studies on the surface of the 
annealed steel showed that the gases used gave 
results in the case of low-C steels, but 
igh-C steels were found to exhibit decar- 
burized areas. This could be inhibited by 
vigorous circulation of the gas and by rigorous 
control of the dew point.—t.a. 

Cast iron heat treatment P. H. Dirom jun. 
(Mod. Castings, 1960, 37, July, 94—100) The 
stress-relieving, high temp. stress relieving, 
low and high temp. annealing, normalizing, oil 
quenching, and tempering of grey and ductile 
irons are considered. 

The effect of annealing magnesium iron on 
its mechanical +d K. I. Vaschenko, 
R. P. Todorov, and G. I. Koshovnik (Lit. 
Proizv., 1960, (5), 28-29) Results of the 
investigation here reported make it ible to 
select the optimum annealing conditions for 
Mg irons. It is obvious from the results report- 
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ed that the duration of the first stage of the 
anneal must not always be determined by the 
time interval n for the completion of 
the hitization process, the length of which, 
for Ma iron, is in any case quite short. When 
castings of high ductile properties are required 
the first stage of the anneal must ensure not 
only graphitization but also the homogeniza- 
tion of the metallic matrix. As regards the 
second stage of the graphitization its duration 
must be limited by the time required for the 
decomposition of the pearlite and must not 
extend beyond this point. 

Annealing of magnetically-soft iron N. F. 
Vyaznikov and G. I. Ivanyuk (Metallov. 
Obra. Met., 1959, (1), 39-41) The influence of 
annealing temp. on the magnetic properties 
of cylindrical specimens of commercially pure 
iron was investigated, and the permeability » 
of toroidal specimens cut from 15 mm hot- 
rolled sheet was studied. After annealing at 
various temp. the specimens were cooled in the 
furnace down to 200°C, then in air. To obtain 
a high impact strength and maximum mag- 
netic softness; this material shoul be cooled 
slowly in the furnace to 350-400°C, then air 
cooled. 

Study on the annealing of low-carbon steel 
sheet K. Segawa and T. Matumoto (Tetsu to 
Hagane, 1960, 46, March, 402-404) An experi- 
mental annealing furnace is described, the 
effect of cooling time on tensile strength and 
Erichsen value are shown graphically.—x.E.J. 

The effect of heat treatment on the fatigue 
resistance of welded joints ©. Lédinsky (Zvdr- 
anie, 1960, 9, (6), 168-171) [In Slovak] The 
effect of annealing at 650°C, and of normalizing 
at 960°C followed by a 660°C tempering treat- 
ment on the fatigue strength was studied. The 
steels contained 0-14-0-15%C, 0-63-0-66%Cr, 
and 0-28-0-30%V. The welds were made by an 
automatic machine under molten slag. 
Annealing at 650°C was found to give optimum 


results.—P. F. 

Jet cooling for continuous annealing furnace 
(Brit. Steel, 1960, 26, Sept., 315) An account of 
the Wheeling Corp. tinplate mill jet-cooling 
annealing furnace which circulates a protective 
atmosphere, reducing strip terap. from 900°F 
to 250°F, with a capacity of 21000 t/month. 

Survey of special furnaces for rockets, 
missiles and aircraft components (et. Treating, 
1960, 11, April-May, 14, 15) This is a continua- 
tion of a previously published survey which 
gives summaries of furnace characteristics such 
as heating space, source of energy, type of 
atmosphere, max. temp., and metallurgical 
facilities.—a.H.M. 

New heat and cold treatment T. A. Dickinson 
(Met. Treating, 1960, 11, Aug.—Sept., 14, 41) 
The method described is used in the production 
of stainless steel components to close toler- 
ances. After conventional heat treatment the 

Pp t is placed in a sizing die then 
quenched to —40 to —110°F. This results in 
momentary plasticity which eliminates intern- 
al stress and springback.—a.H.M. 

improving the quality of steei strip 
V. Ya. Zubov ands. V. Grac ov (Star, 1960, 
(9), 849-851) Martempering followed by fur- 
ther cooling greatly improves relaxation 
strength and fatigue resistance. 





FORGING, STAMPING, DRAWING 
AND PRESSING 


T and practice of hammer foundations 
P. R. Heaviside and J. F. Wallace (Met. 
Treatment, 1960, 27, July, 23-287, 288) 


Methods used in mounting the anvil of a 
forging hammer and the steps taken to reduce 
the transmission of vibrations to the ise gre 
are discussed. Vibration theory is applied to 
the hammer and foundation system and com- 
parative conclusions for spring and conven- 
tional foundations are drawn,—-a.#.™. 
Precision forging up to date (Met. Prog., 
1960, 77, May, 126-131) Some of the difficulties 
met with in forging to close to and 
their solution are described. Some ferrous 


examples are included. 

Studies on oy — 3% Gr—-Mo steel. 
1. Application 3% 6r- steel for turbine 
rotors S. Kawaguchi, J. Watanabe, T. Shiba- 
saki, and H. Ogata (Teteu to Hagane, 1960, 46, 
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March, 370-372) The data include mechanical 

Eo on various erse sections of a 
-cooled and tempered low-pressure turbine 

shaft.—x.£.J. 

Study on a large rotor forging thermai 
ag M. Nishihara, T. Nakano, 
1960, 46, March, 08-408) Gooling pm 

406-408) ing rties 
of various Ni~-Mo-V, Ni-Cr—Mo, — Cr-Mo 
steels are discussed. pen ry 
N. Oda, R. Inoue, and 8, Tsujimoto (Tetsu to 
Hagane, 1960, 46, March, 304-305) Visual 
methods are used to study the metal flow in 
crankshafts and extruded ingots.—xK.E.J. 

of metals. Part |. Cold 

H. L. D, Pugh (Met. Treatment, 1960, 

27, — 189--195; June, 231-236) The author 

lists the advantages of cold forging over hot 
working but points out the lack of background 

experience in the former. Results of model 

tests on Pb, Al, and Cu are reported which 

agree with full- ‘scale teste. Dynamic stress/ 

strain curves, obt d from t tests, are 

given together with the effect of certain a 








meter y, repeated impact, 
and lubricants. The euthor then describes the 
apparatus for cold extrusion used and lists the 
steels tested. The effect of reduction on extru- 
sion pressure is reported for such cases as the 
production of rod, tube, and can. Results are 
reported of tensile tests under pressures of 7 
to 100 t/in* which show increased one. 
was possible to extrude brittle materials und 
such a pressure, which seed weemmalliy staat: if 
oe at atmospheric pressure.—A.H.M. 


i use of rene Se 

ht Feldmann (Sheet Metal Ind., 

960, May, 3 a, 325-334) The author considers 

of cold extrusion givi 

Pog indieation of the minimum number o 
pieces to be produced economically for a given 
pan 9 He t lists the types of steels which 

hemselves to this process. Other aspects 
such as possible surface condition prior 
to extrusion, and tolerances are then consider- 
ed in some detail. The author concludes with 
some practical points on the designing of 
components for cold forging.—a.H.M. 

Hot working of plain carbon steels R. Rolls 
and A. Preece (Met. Treatment, 1960, a, April, 
139-147) The influence of residual Cu, Sn, and 
Ni, furnace atmosphere and Soe eg: Toman on 
hot-workability was investi y @ hot- 
bend test at 1 060°C and 1 180°C aftersoaking for 
6h at 1 150°C in a neutral atmosphere with addi- 
tions of O, and SO,. The severest cracking in 

per-free steel occurred after soaking in the 
sulphur-containing atmosphere. In copper- 
containing steels, cracking increased with 
increasing Cu content. Residual Sn had no 
significant effect on cracking tendency. 

The forgeability of ferritic steels for - 
heater tubes ©. L. Bihet and M. Caubo (Rev. 
Mé., 1960, $7, July, 607-612) Tests carried 
out on 9%Cr, 1%Mo steel for superheater 
tubes with the object of improving its unsatis- 
factory creep strength showed pronounced 
differences in forgeability between steels of 
similar composition, owing to variations in 
structure and in forging temp. Best forge- 
ability was obtained with an entirely ferritic 
structure. 

Chipiess forming (Wire, 1960, (47), June, 
78-81) Methods seedings for the manufacture 
of components on cold- and hot-forming presses 
which have hitherto been made by chip- 
forming operations are described and illus- 


A note on spreadi Shutt 
(Anpl. Sci. Res., Tay oA. (5), 38 302) The 
case of indenting a rectangular bar with rough 

lel square-ended dies is solved by a com- 
jon of theory and experiment as an 
ximation to predicting spread in open 

e forging. 

Some trends in snag peg A E. C. 
Seed (Sheet Metal .. 1960, May, 37, 335- 
338, 974) The enthor first deals with factors 
deciding the size of press required to perform 
a@ given operation. He then outlines the 
historical background of basic research in deep- 
drawing and cold-extrusion, aiming at obtain- 
ing precise estimation of the force required for 
@ given metalworking operation. Safety of the 


operator is then considered and the author 
concludes with an outline of trends in press 
usage.—A.H.M. 

Presses and equipment (Sheet 
Met. Ind., 1960, May, 37, 357-362, 374) A 
report of a discussion organized by the Insti- 
tute of ont Metal Engirieering.. Topics dis- 

are d presses, press brakes, 
production on small presses, levelling, safety, 
spares for presses, and bottom drive presses. 

Sheet metal data sheet, 7. Punching in — 
metal J. W. Langton (Sheet Met. Ind., 

37, July, 535-537) The data sheet he oe 
punching, gives expressions for the calculation 
of pressure and work done and describes 
various types of punching machines. A section 
is devoted to correlating clearances and shear 
and the sheet is concluded by remarks on heat 
treatment and non-circular punching.—-a.H.M. 

Finish blanking F. Howard (Sheet Metal 
Ind., 1960, May, , 339-351, 354) The author 
describes equipment used for finish blanking 
tests and correlates clearance, shape of the die 
edge, and shearing force history with the con- 
dition of the sheared surface. Practical aspects 
of finish blanking tools, such as design, con- 
struction, and use are then considered in some 
detail. R. Haag (352-354) A description is 
given of a 60-t single action toggle press suit- 
able for finish b and a typical tool set. 
The process of finish bi is eg sere and 
contrasted with standard b 
limitations are finally considered. ra H. egg 


H rate metal forming A. F. Watts 
ont. Me Manta (LR 13873" PB 161274, 
1959, April-June, pp.261) Forming of two 
steels and two Ti alloys with high explosives is 
described. Strain rates, velocities, and temp. 
were measured and the metallurgical effects 
were observed. 

Explosive forming Ryan Aeronautical Corp. 
(Aireraft Prodn., 1960, * March, 82-85) A 
review with illustrations hago produced. 

The use Py explosives in the worki 
metais R. Leyman Pro Rap African Mock. 
Eng., 1960, “. June, 273-286) A gah ac- 
count of metal forming by explosives and of 
metallurgical effects is given. The scope of 
explosive forming and shock hardening are 
briefly discussed and the ibility of its use 
with castings and sey do te ments is suggested. 

Practical aspects of cavity — G. H.C. 
Rhodes (Met. Treatment, 1960, 27, April, 151— 
160, 162) The author discusses the practical 
aspects of producing die cavities by the spark- 
machining method. He com the relative 
advantages of various methods of electrode 
manufacture and electrode materials, methods 
of setting and clamping, also the erosion 
sequence.—A.H.M. 

Increasing the life of dies for mill balls J. 
Beneé and A. Vach (Sborntk (Ostrava), 1960, 6, 
(1), 85-92) [In Czech] As a result of detailed 
rage of the process of production of 8 cm 

dia. balls made of pearlitic low-alloy steels 

modifications in the forging technology were 

made. These resulted in a substantial reduction 

of — wear.—-P.F. 

ing the wear resistance of die casting 

K. Barton, (Machinery, 1960, 96, 

March 30, 711-822) A review of the use of the 

Sulfinuz process with examples and discussion 
and reports of wear tests. 

n characteristics in drawing metal parts 

(Met. Prog., 1960, 77, May, 100B) A data sheet 

iving design features, together with common 

efects in this type of work, and their causes. 

The prctemaald of the pag ey Po sheet 
metal N. G. Fraser (J. Austral. Inst. Met., 1960, 
5, May, 12-22) The author considers the influ- 
ence of various factors involved in deep draw- 
ing, and discusses the numerous tests which 
may be applied for assessing the suitability of 
a sheet metal for deep drawing.—r. F. 

Testing of lubricants for deep drawing W. 
Dahl (Stahl Eisen, 1960, 80, Sept. 29, 1350) A 
method based on statistical evaluation and 

ntation is described for the appraisal of 
lubricants in the deep drawing of low-C steel. 
The results show that chlorinated wax is best 
suited for the deep a Sal of this type of 
steel, MoS, is, surprisingly, of no use at all. 

The effect of iadie additions of Oizite on the 
quality of deep drawing sheet J. Teind! and B. 
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Otta (Sbornik (Ostrava), 1960, 6, (1), 69-83) 
{In Czech} Addition of mixtures containing 
approximately 70% iron scale, 20°% fluorite, 
and 10% of sodium carbonate were found to 
improve Erichsen values of sheet used for mud- 

ressings. Theoretical and practical 
aspects of the use of such additives are dis- 
cussed.—P.F. 

Research on the drawing of small thin- 
walled tubes of stainiess T. Okamoto and 
K. Takahashi (Tetsu to Hagane, 1960, 46, 
March, 311-313) Data are given for drawing 
stress, drawing limit, reduction of area, and a 
comparison between mandrel and plug draw- 
ing.—K.E. J. 

Effect of 7- drawing on h behaviour 
in steel R. Hudson and G. L. Stragand 
(Corrosion, 1960, 16, May, 253t-—257t) Hydro- 
gen absorption and desorption rates in cold- 
drawn capped and killed SAE 1020 steel have 
been related to the amount of cold reduction 
effected. Increased cold work increases H, 
solubility and also increases its desorption rate 
until @ maximum is reached at some point 
below 30-5% reduction.—«.F. 

Stretch Ser Cyril Bath Co. (Aircraft 
Prodn., 1960, 22, March, 86-90) Auxiliary 
equipment is described which might also be 
useful for other purposes. 

The stretch reducer operation of the new 
seamless tube milis Y. Nishio, K. Kato, H. 
Kubodera, T. Kusakabe, and T. Hara (Tetsu 
to Hagane, 1960, 46, March, 307-309).—x. 8.3. 

Fabrication of Sa PH and PH15-7Mo 


posers ooo drawing = 
- a Olofson a ie en 


B ne 168, 1959, May 15, pp.4) Brief anes 
covering these processes are given. 

Machinery for straightening, skin-turning 
polishing and bending of wire, rod, tube a 

Wafios Maschinenfabrik, Wagner, Ficker 

hmid (Wire, 1960, (47), June, 83-86) A 
pe ey illustrated by photographs, of a 
number of machines. 

PR A power requirements for mu 

wg te F. Mohrnheim (Wire, 1960, 
(an, b meg 77) Asimple method of calculat- 
ing these requirements is described, and 
illustrated by examples. 

Tee peas peomerSes of nies free he nt 
of view of drawing J. Trenda ee 
1960, 10, (4), 139-143) A detailed experi- 
mental study was made of the drawability and 
heat treatments required in drawing low and 
high alloy steel wires. It is shown that by 
correct metallurgical processing it is possible 
to obtain significantly higher reductions per 
pass than is current in present practice.—P.F. 


Progress = a olybde disulphide 
as a ferrous drentag lubricant P. M. Megte 


(Wire Wire Prod., 1960, 35, Aug., 997-999, 
1054) Various case reports on the drawing of 
high and low carbon steel wires are very 
briefly reported. 

Steel wire for wire ropes F. Kohlhase (Wire, 
1960, (47 , June, 69-72) Chemical composition 
and its effect on properties, the use of the 
“‘Draht’ slide rule in determining drawing 
schedules, pickling and coating, and continu- 
ous processes are reviewed. 

The decarburization of steel wire P. Fischer 
(Wire World, 1960, 2, Aug., 177-185) Effects 
on machining and forming processes and on 
the hardening distortion of steel wire are dis- 
eussed. The recognition of the occurrence of 
decarburization and the production of wire 
without its occurrence are considered. 

The deformation of shaped wires in the manu- 
facture of closed hoisting ropes B. D. Kho- 
khryakov (Stal’, 1960, (9), 862-864) Devices 
for deforming shaped and round wire strands 
for the production of closed twist-free ropes for 
pit hoists are described. 

Precision cold extrusion of metals R. 
Quadt (Met. Prog., 1960, 77, May, 121- oy 
ap A description of the process is given, and 

——— to the fabrication of steel and 
non-ferrous metals with high dimensional 
stability is reviewed with examples. 

Steel and speciality alloy extrusions. tI. 
Practical seunsatons H. M. Tuttle (Prec. Met. 
Mold., 1960, 18, July, 42~43) Various extruded 
shapes are shown with notes. These are re- 
placements for fabricated or forged shapes. 

















ROLLING MILL ae 


Czechoslovak ons | conference E. 
Gerveny (Hutnik, 1960, 17, (6), 225-229) 
Topics discussed at the conference are report- 
ed. These included consideration of the auto- 
matic control of soaking- pits, new methods of 
intensive re-heating, Sbilities of improving 
the performance po gees economic efficiency of 
slag and billet production, technological 
aspects of a pT and methods, and the 
pag ae! for further rationalization of production. 


ions on the evalu of the 
efficiency of continuous rolling mills H. Biicken 
and VY. Steinecke (Stahl Eisen, 1960, 80, 


Sept. 15, 1261-1268) The factors affecting out- 
put and performance of continuous rolling 
mills are analysed and discussed and then co- 
ordinated in mathematical relations. Such 
relations allow a better analysis of past events 
and a good prediction for future occurrences, 
and give a better appraisal than a statistical 
enumeration.—T.G. 

Temperature development based on techno- 

analysis: fast rolling as an example H. 
Lippmann and W. Johnson (Appl. Sci. Res., 
1960, 9A, (5), 345-356) Mean rise of temp. with 

lastic strains caused by work of deformation 
is formulated, neglecting conduction effects 
and evaluated for the rolling of a carbon steel. 
The effect of temp. rise is shown to be rela- 
tively small and rise of temp. in passing 
through the roll 8 exemplified. 
investigation of t the inf ini gong 
tors on roll pressure. in betrotiar 

and forward slip in Me nmsar- oy 

. Waliquist Donen. Ann., 1960, 1 i. 
193-257) [In English] Influence of these fac- 
tors on various sections, flats, diamonds, 
squares to ovals and ovals to squares, is 
studied on eight types of steel, and the results 
presented in the form of Formulae 
are derived for calculating the different cases, 
and finally the experimental results obtained 
with various sections and reductions are 
compared. 

The influence of various conditions of roll 
custeriel Sow ta the rad opening M. Bech Ciro, 
material flow in the roll h (Arch. 
Hisenh., 1960, 31, July, Sosa) The effect on 
material flow, in the region of the roll opening, 
of smooth, knurled, and ragged roll surfaces in 
the flat pass in the hot rolling of billets is 
considered. 

Evaluation of the records on roll life in high- 
quality steel milis E. Wilhelm (Stahl Bisen, 
1960, 80, Sept. 1, 1207-1211) The records 
taken in various high-quality steel mills on the 
life of the rolls are evaluated. Although the 
records were taken in various mills, the 
evaluation shows that the conditions under 
which the rolls work are surprisingly similar or 
even identical. The results of the evaluation 
are shown in graphs and diagrams.—tT.«. 

45 in 90 in Uni niversal slabbing mill (United 
Effort, 1960, 40, (2), 4-7) An illustrated 
account of Inland Steel’s no.4 mill, with plan. 
“The tech of rolling blooms and billets 
L. Dédoch (Hutn. Listy, 1960, 15, (6), 444-446) 
It is suggested that modifications in reheating 
schedules at present in use, changes in roll 
calibration, and of ingot shapes, outlined by 
the author, might be conducive to produc- 
tivity.—P.F. 

X-Ray i of hot steel billets durin: 
rolling W. J. Oosterkamp, J. Proper, and M. C. 
Teves (Philips Techn. Rev., 1959-60, 21, 
Aug. 30, 281-825) A trial installation at 
Phoenix-Rheinrohr, Diisseldorf, is described 
which was built to detect blowholes and 
inclusions during rolling of sections of about 
8 x 8 in section using 31 MeV betatron X-rays 
and an image intensifier and television system. 
Half the helen 3 mm deep and 90% of the holes 
7 mm deep were detected. 

Effect of the sequence of a event ge | 
and an on the 
temper steel sheet S. — M. 
Shimizu, and M. Ide See to Hagane, 1960, 
46, March, 422-424).—x.8.3. 

The Sendmizir rolling mill R. 
Tovini (Sheet Met. Ind., 1960, 37, July, 488~ 
511) An elementary analysis of the deforma- 
tion within a planetary rolling mill is given 
leading to expressions linking displacement, 
deformation, speed, torques, etc. A method of 


ee re analysis is also presented and applied 
t to the case of a ingle roll and then to the 
general case of several rolls acting simul- 
taneously. The theory thus developed is 
applied to the calculation of the correct dimen- 
sioning of the mill for proper working, also to 
explain certain aspects of the method, such as 
vibrations and surface corrugation, 

The influence of temper mili rolls on tinplate 
—_ wality L. 1. Borovik, A. G. Grishko, and A. F. 

imenov (Stal’, 1960, (8), 726-728) Trials show 
an improvement by ragging the rolls in the 
roughing stand with improvement of quality 
and saving of tin. 


The ti e industry with special reference 
to the reduction plants of Trostre and 
Velindre J. S. Gazard (Proc. S. Wales Inat. 


Eng., 1960, 65, March, 42-60, discussion, 61- 
64) A review of the siting of the 8. Wales mills 
output, operation, recent changes in methods 
and possible developments, with appendices 
on world output and canned foods consump- 


tion. 

Operating conditions and limits in cold stri 
rolling ms Hoggart (J. Austral. Inst. tae 
1960, 5, May, 1-11) The conditions governing 
the size and shape of the product from a cold 
strip mill are discussed, and it is shown that the 
size can be determined by the simultaneous 
solution of three equations. Typical solutions 
are given and their use as a basis of gauge 
control is discussed. Limits on pass reduction 
are shown.—-G.F. 

Assuring long life of cold rolling rolls in their 
manufacture Z. Kadefavek (Hutn. Listy, 1960, 
15, (5), 355-366) Conditions affecting the life 
of rolls were investigated, particularly the 
effects of heat treatments and hardening. High 
fatigue resistance necessitates the use of rolls 
either without a central bore or with a harden- 
ed bore surface, and surface hardening to a 
depth dependent upon the roll pressure used in 
operation. Induction heating although, in 
general appropriate, needs to be applied 
judiciously in hardening if undesirable metal- 
lurgical effects are to be avoided.— aa 

udies on the piercing and expanding pro- 
cesses of seamless steel tubes by the Mannes- 
mann double type piercing mill. 1. Design of the 
model Mannesmann double 
mental results on 
mill Z. Baba and K. Yosii (Tetsu to Hagane, 
1960, 46, March, 318-319).—-x«. 8.3. 

A general survey of rectifiers and drives G. 
Reinhardt (AEG Prog., 1959, (3), 161-163) An 
explanation of the stresses to which mercury- 
are rectifiers are exposed when feeding DC 
drives, the loading of the AC network by har- 
monics and reactive current, and the design of 
grid-control and of protective equipment. Uni- 
directional and reversing drives, locomotives, 
and the excitation of generators are exempli- 
fied and described.—-s.H.-s. 

Rectifier circuits for reversing drives F. 
Hoelters (AHG Prog., 1959, (3), 164-172) An 
investigation of the static and dynamic 
behaviour of rectifier circuits for reversing 
drives is investigated and reported. The prac- 
tical application of the various circuits is 

, and account is taken of the amount 
of material required.—s. H.-s. 

Autom ly controlied rectifier reversing 
drives with single-anode tanks in inverse- 
parallel con m R. Joetten (AEG Prog., 
1959, (3), 179 ist) Automatic control equip- 
ment with transistor grid-control units for a 
reversing drive in inverse-parallel connexion, 
and in which the control units also act as 
control amplifiers, is described. The equipment 
includes inductive desired-value transmitter, 
acceleration limiter, automatic control of 
voltage, and circulating current and current 
limiter.——s. H.-S. 

The contro! of rectifier-ted reversing drives 
J. Foerster and H.-F. Steinmueller (AEG 
Prog., 1959, (3), 181-190) Research and de- 
velopment of equipment for the supply to and 
control of reversing drives carried out by AEG 
is described and illustrated by examples. 

eversing drives fed from motor 
with rectifier E. Golde (AEG Prog., 
1959, (3), 190-197) The dynamic behaviour of 
grid-controlled rectifiers for the excitation of 
automatically controlled DC reversing drives 
and generators is described with the aid of 
oscillograms.—s. H.-8. 


ABSTRACTS 169 


Relations between the properties of St 3kp 
steel and its chemical composition and the 
tem ure of coiling N. P. Cherkashina and 
V. N. Lola (Stal’, 1960, (9), 851-853) Rebuild- 
ing of the Zaporozhstal hot rolling mill 
changed coiling temperature from 400—500° 
to > 650° and the delayed cooling led to self- 
annealing and reduced tensile strength. The 
effects were studied and a new cooling section 
was included. 

Bioom length measurement G. Hamilton- 
Jones and 8. Johnson (Jron Coal Trades Rev., 
1960, 181, Aug. 26, 465) A device using 
‘Digitrons’ for measuring bloom length in 
motion and signalling the result to the flying 
pase win is mentioned. 


i and shuttie car scheme at the 
orks of The Steel Company of 
Wale te B. Larkinson (English Elect. J., 1960, 


16, Sept., 42-51, Engineer, 1960, 210, Aug. 5, 
231-235) A full account of the method of 
control of the transfer of ingots from soaking 
pits to slabbing mill is given. 

he reeler operation of the new seamiess tube 
mills Y. Nishio, K. Kato, H. Kubotera, T 
Kusakabe, and T. Hara (7'eteu to Hagane, 1960, 
46, March, 305-307).—-xK.§. 3. 


| 


MACHINERY AND SERVICES FOR 
IRON AND STEEL PLANT 


Automatic controls for operation of equip- 
ment in Bhilai stee! ject V. S. Iyer (Jron 
Steel Rev., 1960, 3, Ma ~ 31-32) No details 
are given. 

Locomotives for steel works South Durham 
Steel and Iron Co. Ltd (Oil Engine, 1960, 28, 
Mid-July, 91-92) A brief account of ten loco- 
— es, 230 hp with vertical turbocharged oil 

ines ordered for the above Co. 

mination of the operating conditions of 
steel works cranes and checking of the basis for 
selecting the dimensions Daeves, 0. 
Svenson, and W. Schweer (Stahl Hisen, 1960, 
80, Sept. 1, 1219-1220) Two letters. The first- 
named author draws attention to the ‘recovery 
ability’ of steel with respect to time and he 
quotes examples from hoisting cables in mines. 
When the cables were allowed a certain ‘re- 
covery time’ between hoisting, the cables had a 
certain service life, this service life was drastic- 
ally reduced when the number of hoists per day 
were sharply increased, for example the life of 
a cable was reduced from 200000 to 50000 
hoists. The other authors reply.—t.c. 

Benson ‘once through’ boiler Steel Co. of 
Wales (Overseas Eng., 1960, 34, Aug., 8-9) The 
blast-furnace gas-fired installation to drive an 
alternator is described and illustrated. 

Britain’s first Benson ‘once through’ boiler 
Steel Co. of Wales (Iron Coal Trades Rev., 
1960, 180, June 24, 1419-1422). 

Steam power pliant for the Durgapur Steel- 
works, India Indian Steelworks Construction 
Co. Ltd (Steam Eng., 1960, 29, Sept., 415-421). 


WELDING AND FLAME CUTTING 


Welding today E. C. Pigott (Jron Steel, 1960 
33, April, 155-158) Methods and machines in 
current use are reviewed with illustrations of 
wer * equipment. 

a tendencies in the production tech- 
ms... of chemical installations A. Zapletalek 
(Zvaranie, 1960, 9, (7), 205-206) {In Slovak] 
Low temp. embrittlement and weldability of 
steels are discussed in relation to their utiliza- 
tion in chemical plant operating at low temp. 

Automation of su and electro- 

welding M. Mosny (Zvdranie, 1960, 9, 
(7), 193-200) [In Slovak] The development, 
present state, and pe ives of automation 
of welding processes in Ozechoslovakia are 
surveyed. Automatic welding machines de- 
veloped in recent years in Czechoslovakia are 
illustrated, and problems relating to 
ies, current generators, training of personnel, 


etc., are discussed.—P. F. 

welding and its industrial 
. E. Paton (Zodr. Sbornik, 1960, 
9, (2), 161-171) {In Slovak] The application of 
the process is discussed, mainly with reference 
to its scope in heavy engineering, particular 
examples from Soviet practice being given. 
Electro-slag welding is 10-15 times more pro- 

ductive than multi-layer welding under flux. 
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of metal surfaces and the uses 
in G. W. Sloof (Peint. aa 
* w503-810) The fumes 


to be 
of suitable 


ee 
co of sheet materials A. G. Brain 
and A. A. ith (Brit. Weld. J., 1960, 7, July, 


and fully automatic butt welds have been 
made in 16 swg sheet in a range of aircraft 
materials. 
Positional welding of steel with the CO. 
— A. A, Smith (Brit, Weld. J., 1960, 7, 
, 458-463) The problems involved in 
positional w: in steel by the ihe 
shielded metal-are process are considered. The 
CO, shielded short-circuiting arc has bee 
found to give a sufficiently small and rapidly 
a weldpool to permit vertical and over- 
head welding. Suitable welding techniques and 
desirable oe source characteristics are 


trolled post-heat treatments, is described, and 
the results obtained over a period of practical 
experience with this equipment are summar- 
ized and discussed. A recommended procedure 
is given, but it is em 
these steels is criti 


us lectro-sag welding machine machine W.K. B. 
Mershall (Brit. Weld. J., 1960, 7, — 393- 


395) Applications of the process to mild-steel 
plate up to 8 in thick are described, and the 
results obtained are discussed. The occurrence 
of unusual porosity in an electro-slag weld, 
and the circumstances involved, are also 


— 
Are welding of 5%Cr-0-5%Mo alloy steel 
J. Bland and G. F. Tisinai (Weld. J., 1960, 
}, June, 2558-2658) A study of the we of 
this steel using a series of electrode types 
been made, with icular reference to om 
heat treatments. results obtained, bot. 
this work and in service, et ed 
Resistance seam welding of terne piate H 
Greer and M. L. ake madness J., 1960, 38, 
June, 247s—254s odifications i in equip- 
ment and techni he gh 4 in order to weld 
terne a actorily have been investi- 
gated, e welds produced are compared 
with those in zinc-coated sheet. A recommend- 
ed welding schedule for terne plate is given. 
Se 
preparation of welds 
vessels M. sage Ace eg Sborntk, 1960, 9, (2), 
240-258) [In 
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Sborntk, 1960, 9, (1), 29-36) [in Slovak} Frac. 
ture sé and fatigue strength of welded 
car were "studied, and compared 
with corresponding parameters of crankshafts 

d in the usual way. Welding by means of a 
we press of Czechoslovak design, heat 
treatment of welded shafts, and testing 


Flux materials for electrode coveri 1 
Quasi-Are Ltd (Welding News, 1960, April, 
9-13) A review of sources of rutile, ball clay, 
and iron powder. 


27, July, 277-282; from Zvdranie, 1960, (4) ). 
On the total thermal balance in electric arc 
ing A. Havalda (Zvdr. Sbhorntk, 1959, 8, 
(4), 434-452) A theoretical analysis of heat 
transfer and heat losses in welding is made and 
applied to welding processes prevalent in prac- 
tice. The results are compared with experi- 
mental data.—P.F. 

The use of austenite diagrams 
in welding B. Zorkoézy (Zvdr. Sbornik, 1960, 
9, (2), 172-177) [In Slovak] The utilization of 
the diagrams under conditions of discontinu- 
ous, i.e. isothermal, and continuous cooling in 
welds in structural and tool steels is discussed. 

On the anisothermal position of 
austenite in electric arc-welding A. Havalda 
(Zedr. Sbornik, 1960, 9, (1), 126-146) [In 
Slovak} The preparation and use of aniso- 
thermal decomposition diagrams for use in 
welding are discussed.—P. i 

The use of diagrams of the anisothermal de- 
composition of austenite in welding H. Seki- 
guchi and M. I i (Zvdr. , 1960, 9, 
(2), 190-218) [In Slovak] The utilization of the 

dar reprine me for thermal analysis, and 
metallographic topies, are considered in detail. 
The survey is mainly on papers pub- 
lished in the Journal of the 5 apanese Welding 
Society in the last few years.—p.F. 

A note or = epee d a hae yo oa 
co! ~cracki n — 
intr. B. Marshall ( Bat. Weld. J., 

7, July, 451-453) An explanation is waned aot 
the effect of various elements on hot-cracking 
in ferritic welds. 

Influence of residual stresses on fatigue 
strength of with fillet welded attachments 
T. R. Gurney (Brit. Weld. J., 1960, 7, June, 
415-431) The work described was carried out 
to show that residual stresses, — both iy 
mechanical means and by spot heati 
increase the fatigue strength of mild steel we 
(as above). Exploratory tests have been done 
on light alloy specimens, and the results are 
similar to those found with mild steel. 


aE oy 
er 
(Zedranie, 1960, 9, (6), 171-173) Weldability of 


36 mm sheet of @ structural steel con 

0- 20%, 1-07%Mn, 0-41 %Si, 0-51%Cr, 0- tT 
Cu, 0-009%Al, and 0-022%P was studied, and 
the ductility of the welds was investigated 
down to — 60°C, Results show that the steel is 
eminently suitable for welded structures 
exposed to loading down to the lowest temp. 
se in ome —P.F. 

Flaw me Goeeien 08 evaluation (Ann. Rep. 
Ship Structure Committee, 1960, May 1, Techn. 
Summary, 9-10) Welding control in the ship- 
— is being studied. 

nts P. 


The formation of cracks in brazed joi 
Slyéko (Zvdr. Sbornik, 1959, = (4), 500-509) 
Slovak] Factors op tocnae a a4 formation of 
cracks were investigated. Phosphorus 
pper and silver solder were used to braze 
ae _— sums steel ively. Brest 0-35%C, 
. 5 i respectively. Brazing condi- 
tions facilitating i e diffusion of 
the solder into the base material are conducive 


to crack formation. Other factors are, however, 


tulip ea G. D. Cremer and 
ing . BD. 

R. 8. Mueller (Weld. J., 1960, 39, June, 592- 

599) The advantages and py ee of 

multiple brazing are discussed and illustrated, 

with icular reference to corrosion-resistant 

aan -base alloys. 


R. Tpecntle (Well. Met. Gabe. 1 moa 


267-277) is illustrated review. —— 
machines and Hetgattoes of their working 
control systems. 


of G. Re oeiee | Spi oe PS. werwad ar 


1960, 39, June, 584-591) cutting is dis- 
cussed in terms of the relationship between 
preheat, cutting oxygen, and s practical 
technique for obtaining good quality results, 
and the comparison of common fuel gases for 


this purpose. 

The use of the gas-shielded electric arc for 
be refractory metals M. ge =, 
Sbornik, 1960, 9, (1), 71-79) [In Slovak] A 
plasma torch, utilizing H, and argon, develop- 
ed by the Czechoslovak Welding Research 
Institute, is described, and its my 
and economic aspects are consi! High 
melting point metals, as well as Cu peor na Al base 
alloys can be cut with it.——r.¥. 

The use of o in and machining 
of metals in Czec . Duben and L. 
Kulhének (Zvdr. Sbornik, 1959, 8, (4), 421- 
433) [In Czech] Methods and machines used 
and developed in recent years, and economic 
aspects of cutting and processes, are 
reviewed.—P.F. 


MACHINING AND MACHINABILITY 


The new heavy machi W. Hess, A. 
Kugler, and B. Meier (Sulzer Techn. Rev., 
1959, 41, (2), 25-35) An illustrated account of 
the new mavhine shop at Oberwinterthur. 
Planning, layout, building, and installations, 
and the machine tools installed are considered. 


—. for the anes of work in the 
ofa ing mill J. J. Fernandez 
Fomenton (Met. y Electr., 1960, 24, July, 80- 


84) A mathematical study of methods of 
receiving, installing, and han material in 
the e shop with formulae for operation 
and control. (Aug., 82-86) A mathematical 
review covering the analytical theory of the 
power —— for the turning of material, 
d of vibration, limitations of speed with 
reference to the weight of the piece to be 
machined, economics and speed of cutting, the 
relation between speeds and dia., and angular 
and lineal velocities.—s.H.- 8. 
Air hardening toolsteels offer lower costs, 
. performance J. Y. Riedel (Met. Prog., 
77, May, a Properties of these 
reel os ’ descri 


abrasion resistance and 
exceptional al toughness N. J. Culp and J. 8. 
te tg jeton fone Met. Prog., 1960, 717, May, 99- 
101) Properties of two new air) ening 
steels developed by Carpenter Steel Co. 
, Pennsylvania, are described. One has 
excellent wear resistance, and the other is a 
h steel with Izod values of 10—14 ft/Ib at 
ockwell C 59-60. 


toolsteels and im eee 
forgi dies benefit fabricators S. G. Fletcher 
(Met. » 1960, 77, _— 110-111) Lines of 
present-day research indicated. They 
lud ttail t of b better dimensional 
— shan! heat gg better ee 
ity grindal y> adaptation o 
vacuum melting techniques 


New carbide tor high speed cuttin nas ingat 


Montgomery and E. W. Kalb Me. Prog., 
1960, 77, May, 111-113) A material developed 
by Firth Sterling, Inc., Pittsburgh, is named 
WF, and is basically a Ti carbide, with Nias a 
binder and with Mo carbide as an alloy addi- 
tion. The carbide has good strength 
and excellent wear resistance. Lines of im- 
provement of die and tool steels are indicated. 


Working of metastable austenite to 


age ig meg tooisteeis R. F. Harvey (Met. Prog., 
1 bo May, 113-114) New developments 
include increased use of steels worked in the 
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metastable austenitic condition, because of the 
increased strength obtained (cf. US Patent 


no.2717 846). 
New abrasion resist- 
T. W. Gabriel 


and cutting sgn f of 

ance 

(Met. Prog 77, May, 114) Development 

work being carried out by J Steel Co., 
Washington, Pennsylvania, is outlined briefly. 

Study on high speed tools. XX11. isothermal 
transformation an of ‘speed steels 
SKH6 & SKMe F H. Hotta (Tetsu to Hagane, 
1960, 46, March, 353-354).—-x.¥.3, 

on free-cutting 1 stainless steels 

Se H. Takada and T. Suzuki (Teteu 

to Hagane, 1960, 46, March, 356-358) Mechan- 

ical, cutting, and corrosion data are given for 

18/8 steel and 18/8 steel containing 8, Se, 
(Se+ Mo), and (Se+ Zr).—x«. 8.3. 

— ints in cutting tools) V. Solaja 
(Wear, , 3, July—Aug., 312-313) An un- 
rey Lamar: Machining of steel with drills at 
——, without cutting fluid was studied 
from t a of view of tool wear. The outer 
corner of the drill, it is shown, carries = 

load and is found to be a critical 
as the third stage of wear develops there i 
most of the surfaces have got to the second 


stage. 
“Diticsion Processes at the zones of contact 

material and hard metal 
teols in turning F. Altenwerth (Arch. Hisenh., 
1960, 31, July, 433-439) It is shown that 
diffusion of WC takes place as low as 800°C and 
a new phase is formed at 1000°C. Diffusion is 
promoted by Co content. The mechanism of 
the diffusion and its effects on wear and tool 
efficiency are ceding 

—a new mg em B. 
McDivitt (Austral. Mach. Prodn. Eng., 1960, 
13, June, 51, 53) Abrasive-belt platen grinders 
are described. 

Automatic billet grinding: new machines for 
Round Oak (Jron Steel, 1960, 33, April, 153) 
Billets for re-rolling are surface ground auto- 
matically on machines which have been 
installed at Round Oak Steel Works. Specifica- 
tion of the standard machines is given. 

ing hardened tools E. 
Zmihorskii (Met. Treatment, 1960, 27, April, 
166, 167) The author describes his method of 
shaping hardened steel elements by accelerat- 
ing austenite transformation into martensite in 
areas under tensile stresses, while retarding the 
reaction by compressive stresses. Only small 
bending stresses, below the elastic limit are 
required, are applied at the transformation 
temp. The author describes a device used for 
straightening hardened steel broaches by this 
method.-—a. H.M. 

What to look for in chemical oe 
foeo af, fluids P. W. Sherwood (Sci * 

960, 12, Sept., 25-26) A brief account of types 
of cutting fluid and their uses. 

Machi iron and 


on nodular cast 

steel test bars A. D. Lamb (BCI RA J., 1960, 8, 
July, 514-516) The machinability of nodular 
cast iron is compared with that of steels of 
similar microstructure and mechanical proper- 
ties. Tests indicate that under the same condi- 
tions and with the same tool profile, less power 
is required to machine nodular cast iron. 

erosion for industry E. W. Coo , 
(Met, Treatment, 1960, 27, May, 197-207) 
author outlines the economic possibility of 
spark erosion in the manufacture of small and 
medium-sized components such as are used in 
the motor car industry. Emphasis is pa to 
the production of re 
dies such as are used for the 
necting-rods. The paper is 
structive discussion.— A. H. “. 


uetion of con- 
ollowed by a con- 


aspects and surface character- 
istics H. itz (Met. Treatment, 1960, 27, 
June, 237-250) The author discusses the funda- 
mental of the relationship between the 
metallurgical c es in the work-piece and the 
mechanism of spark erosion. of a study 
of the structure of and composition of the 
surface layer removed are reported in relation 
to measurements of the electrical power in the 
It is coneluded t 
take place in the composition and structure of 
the surface of toci steel worked by spark 
erosion.—A.H.M. 

Machining of metals by electro-erosion (J 

¢ Indust., 1960, 27, June, 103-110) [In Spanish} 


The principles and practice of spark-cutting 
methods me described. Machine tools for this 
work are ilulstrated. —P. 8. 


CLEANING AND PICKLING 
Comparison between 


sorted res ane pking me 


— Eisen, 1960, 80, Sept. 29, 1318-1321) 
he protection given by t film formed on 
pickled steel surfaces by immersion in hot 
dilute H,PO, decreases with increasing cold 
work and is lost after 50% reduction, as well as 
after any annealing process. Pickling rate in 
H,PO, is practically “one as in H,SO,, but 
Fe,0, and Fe,O, are lved quicker and 
more completely’ in H,PO, than in H,80,. 
Pickling in H,PO, is an economic Ee. “gga 
only when the acid can be reclaimed.—T.«¢ 
Surface of metals L. F. Spencer 
(Met. Fin., 1960, 68, June, 53-58) A review of 
— solvent, and ultrasonic aye: and of 
P Gand thai tor enndp vonaeet helene G 
removal before hot 


galvanizing poten F. Fetal. and E. Nell 
14, Aug., 776-777) It is shown 
that the roughened sandblasted surface is 
smoothed d subsuquent galvanizing. The 
mechanism of this en ype is described. ai 

one lg sem! rolled goods V. Muthan- 
sky (Zvdr. Sbornik, 1960, 9, (1), 94-125) {In 
Slovak] Significant economies are obtainable 
on using oxygen in billets and other 
rolled products. The development and use of 
an oxygen torch suitable for such purposes are 
described,—P.F. 

Testing metal biast cleaning J. Kistler 
(Giesseret, 1960, 47, May 19, 265-272) The 
literature on the subject is examined, factors 

necessary in testing equipment reviewed, and 
the design and operation of a testing machine 

described (11 refs). 
from 


of casti 

burns and scale A. A. Gorshkov and A. F. 
Lysenko (Lit. Proizv., 1960, (3), 9-10) The 
essence of electrochemical cleaning resides in 
the reaction between the acid oxides of the 
burns and the basic medium of the liquid bath 
consisting of caustic soda or a mixture with 
caustic potash activated by a weak current of 
low voltage and current density. A description 
of the layout is given. The undermentioned 
electrolytes have found satisfactory for 
the elimination of burns: 100%Na0H of820"); 
100%KOH (325°); 93%Na0H+ 7% ,NaCl 
(283°); 75%NeaOH+25%KOH (250°). The 
first three, however, have been found to be the 
better. 

A new coil-tailing device M. Smallwood 
(Sheet Metal Ind., 1960, May, 37, 369-373) A 
description, supported by drawings and photo- 

hs of a model in operation, is given of a 
tailing device suitable for pickle lines and cold- 
reduction mills. The device is placed below 
shop-floor level and operates on a principle 
where, through iubnes te motion, @ knife e edge is 
raised and cushioned against the coil. When the 
coil rotates the rail is led off by the knife 
and falls beneath it. e unwound length is 
then wound against a bending edge.—a.H.M. 

Equipment for ty 2 
Fedot’ev and 8. Ya. Grilikhes (Electropl. Met. 
Fin., 1960, 13, Sept., 345-346) A summary, 
being an extract from the English translation 

of the Russian book ‘Electropolishing, Anodiz- 
oa and Electrolytic Pickling of Metals’ 
(R. Draper Ltd), describing briefly automatic 
lant used, the electropolishing of tube inter- 
iors and localized electropolishing, with 
illustrations of an installation for electropolish- 

tube interiors.—s.H.-8. a 


acid, recovers 
Siemens & Halske (Chem. Eng., 1960, 67, May 
16, 82-84) A mercury cell for recovering acid 
and electrolytic Fe from pickle liquid has been 
developed. The process is outlin 


PROTECTIVE COATINGS 

Finishing methods at English Electric Co. 
Ltd, Stafford Works with special reference to 
materials handling L. Wood ( Met 
Pin., 1960, 13, Aug., 286-296) A fully illus- 
trated account of plating, vat control, solution 
maintenance painting, and spraying processes. 

American and German operating methods in 
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Ft aan. “Bieheorr L. Hartinger (Mitt. 
Forschungages. B » 1960, May 5, 118— 
124) The princ 


~ og ‘dealt with are the 
Ni-duplex Vand Pond uplex processes, the 
chemical polishing of AL and the automation 


of electro-plating processes. 
Pri: of ng 


m. electropiati 
J. Hofmann (Mitt. Forschungsges. Blechverarb, 
1960, May 5, 125-128) Pre-requisites for the 
use of series production methods are enumer- 
ated, and p ion and finishing of parts, 
and types of equipment used are briefly 


reviewed. 

Automatic machines for 
screws and other s components W. Peters 
(Wire, 1960, (47), June, 86-89) An account of 


pve design and operation of the ‘Universal 


t tic ot oe Ao em mere 





Science for 
Serota (Met. Fin., i 4 en § 69-70). 
Fluoborates in piati Patng Wild (Electropl. 
Met. Fin., 1960, 13, 331-335) The 


principal advéntages of Garbceuneutetadiptes 
and requisite plant are listed and the charac- 
teristics of fluoboric acid and of Cd, Cu, In, Fe, 
and Pb fluoborates are described, with details 
of their solubility, composition, control, 
physical properties, and methods of ajpplica- 
tion and other pertinent data.—s.n.-s. 

Accurate gauge for plating thickness Boeing 
Airplane Co. (Machinery, 1959, 95, Dec. 9, 
1241) Ferromagnetic materials are examined 
Bo magnetic means and non-magnetic by 

rays. 

Procedures and techniques for internal clean- 
ing and coating of plant ing in-place W. T. 
Theis (Corrosion, 1960, 16, June, 15-16) The 
development of an in- place method of cleaning 
and coati pipelines is outlined, and five 
a o = lication are discussed. 

through 

hr pant on the coating thickness n surface 

A. Hrbek (Hoon. Listy, 1960, 16, 

(5), 379-382) Theoretical relations between the 

parameters affecting coat thickness in dip 

aluminizing, galvanizing, and similar pro- 

ceases are derived, and compared with the 
author’s experimental results.—p. rt 


The effect of 


electroplating fatigue 
R. A. F. Hammond and c Williams 
(Met. Rev., 1960, 5, (18), 165-223) A review 


(64 refs). 

Cyanide waste R. Sietnieks (Jern- 
kont. Ann., 1960, 144, (4), 329-337) By adding 
ammonium sulphate and keeping the solution 
— below boiling point, cyamde is decom- 

completely without the use of oxidation. 
The method is suitable for disposing of alkali 
cyanides, i.e. from heat-treatment plants. 

a ny of ey tye the cathode yield 

and covering power / chromium 
baths T. Zak (Chrome Dur., 1958, 62-71) 
Factors infi thode yield and coveri 
power are considered, and a bath is antnsined 
which has properties superior to those of the 
standard bath in these respects (25 refs). 





Development of the texture of 
fe agg ere hp gg ager mechan- 
electrolytically A Weill (Chrome 
Dur., 1958, 36-37) Diffraction photographs 


are reproduced to show the comparative 
development of the coating with the two types 
of polished surface. 


Hexagonal modification of biack chromium 
sactrondeponit H, Okada and T. Ishida 
(Nature, 187, Aug. 6, 496-497) X- Ray 

discussed and bat 


studies are h compositions 
are given. 
Applications of radioactive tracers to the 
study of chromium baths H. and M. 


Bonnemay (Chrome Dur., 1958, 38-51) Details 
of experiments and equipment used are given, 
from which it was found that Cr*+ is the Cr ion 
discharged at the cathode. The kinetics of the 
anodic oxidation of Cr*+ to Cr*+ were studied, 
and the economic aspect of the oxidation 
considered. 

The influence of chromium ing on the 
fatigue limit of plated parts V. Linhart and J. 
Sule (Chrome Dur., 1958, 72-78) The influence 
of H,SO, in the Cr bath and of some other 
factors on internal stresses in the Cr deposit is 
examined, and the conditions under which the 
tensile stresses disappear or are transformed 
into compressive stresseg are investigated. 
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Under these conditions, the loss of fatigue 
eon due to the Cr deposit is a minimum 
). 


The electrolytic of iron-chromium 
~—nickel alloys fg eye M. F. M. El- 
Ghandour (Werks. Korros., 1960, 11, Aug., 


481-487) Bath composition, pH value, and 
temp. conditions are worked out for the elec- 
ciudegunitian of Fe-Cr—Ni —— of a composi- 


tion corresponding to 18/8 
Influence of in the bright 


( a 

Zn, Fe, Cr, Pb, Sn, Cd, and Mo in the Ni bath 
are indicated and their effects on the covering 
power of the Cr bath are described. 


sulphamate and copper rer 

baths B. Bartfai (Gép., 1959, 11, (8), 311-312; 

from Hung. Techn. Abs., 12, (2), 51) The per- 

formance and advantages of the baths are 
considered. 

Bull., 


Continuous hot dip galvanizing (Met. 

1960, Aug. 9, Supplement, 1, 3, 5, 8—9). The 

World's hot dip lines (11, 13, 15) A 

list, with details of strip width, speed, and 

output. § 

hot-dip galvanizing’ eh F wiloan 4 
itt. or. 5 

Blechmerarb., 1960, (6-7), March 20, 76, 85) A 

brief report of a conference held at Essen on 

hee 1960. 


Krause (Stahl Eisen, 1960, 80, Sept. 29, 1313- 
1318) It was found that no noticeable differ- 
ence exists between various types of anneali 
on coating ability, nor between pickled an 
electrolytically cleaned sheet, but surface 
roughness had a great effect. The thickness of 
the coating becomes greater with increasing 
roughness and adhesion improves, whereas the 
structure of the Zn coat and the formation of 
the Fe-Zn alloy interlayer depends solely on 
the ie oo conditions.—t.G. 

The attack of liquid zinc on iron. A summary 
(I) K. Ruttewit (Metall, 1960, 14, Aug., 769- 
775) The influences of Al, Pb, Cd, Sb, Sn, Bi, 
Cu, As, Si, C, N, H, O, and Mn on the attack of 
Zn ae Fe are ey (68 refs). 

in zinc electroplating L. Dom- 
nikov (Met. Fin., 1960, 58, June, 59-61) In 
alkali cleaning the effect of ultrasonics is first 
to reduce and then to restore elastic properties. 
The rate of HCl pickling is ine but after 
2 min elasticity ins to fall. Zine deposition 
is ee by ultrasonics and the elastic 
properties show little change. 

of hot dipped tin plate 0. J. 
Wiseman and J. ew, & Austral, Inst. 
Met., 1960, 5, May, 45-51) authors discuss 
the routine control which is essential at each 
stage in the manufacture of hot-dipped tin- 
plate. Specialized tests for materials and 
products are tioned.—G. F. 

Enatosteting processes.in the manufacture 
of tinplate W. E. Hoare (Mitt. Forachungages. 
Blechverarb., 1960, May 5, 108-118) Condi- 
tions for the continuous electrolytic manufac- 
ture of tinplate, underlying principles, bath 
compositions, and design and operation of 
typical plants are described. 

Advai of tinned steel milk cans (Tin 
Uses, 1959, Winter, 7-10) Dimensions, con- 
struction, and advantages of a 10-gal can are 
considered. 

Internal surface plating of a stainless 
steel vessel N. Rain and 8. A. Self (Hlectropl. 
Met. Fin., 1960, 13, Aug., 283-285) The vessel 
was — plated inside by a des- 
cribed, bath compositions for Kistrike strike and 
Cu coating are given. 


of protective coatings to 


in an electrostatic J. 
Burda (Hutnik, 1960, 10, (4), 151-154) The 
process is discussed with ial reference to 
the methods employed in the Klement Gott- 
wald Steelworks in Ostrava. It is highly - 
ductive and economical in materials. The 
a | of we sae Apr ——. 
D. see hr (Stahl Eisen, 1960, 80, Sept. 29, 
1348-1349) A review of the various methods 
employed in the detecti ity in non- 
metallic 








of p 
coatings on steel. The method devel- 


oped by Hertz in Sweden for 
pores in a lacquer film by 
included in — review (32 eg * Ps 
porcelain enamels W. E. Pierce 
(Mat. Des. Eng., 1960, §2, July, 97-101) 
Optical, mechanical, anticorrosive, high-temp., 
and ee eee are —s reviewed. 
Vitreous defects E. W. B. Dunning 
(Unst. Vitr. Enamel, Bull., 1960, 10, March, 
317-320) The experience of the Gas Board is 
reported, for younger members of the Insti- 


tute. 

Titania opacified enamels R. D. Shannon and 
A. L. Friedberg (Univ. Illinois Eng. Expt. 
Sta. Bull. no.456, 1960, pp.49). 

ii the of the fuels in 


on 
ovens F. Liith (Mitt. Forschungages. 
-» 1960, (6-7), March 20, 68-75) It 
is shown that the theoretical relative values of 
the various fuels investigated co nd 
essentially to those found in practice. Price 
ratios of the fuels are represented in tables and 


ically. 
boiler sections Thos. 
Potterton Ltd (Product Fin., 1960, 12, June, 
77-78) ‘Glass lined’ hot-water systems for 
small industrial operations described. 


Successful protective ive agg 
B. Séderlund (Tekn. Kem. Aikak., 1960, iP 
(5), 147-149, 151, 153, 155, 157, 159-161) The 
general principles governing the painting of 
coosboark and the choice and application of 


ing visible all 
i is 





painting schemes are reviewed. 
Bureau of Reclamation tests and evaluates 
coatings for dam P. W. Lewis and J. L. 


Kiewit (Corrosion, 1960, 16, June, 9-14) The 
Bureau of Reclamations laboratory and field 
evaluation testing of new coatings is reviewed. 
Coating selection for the most important 
exposures is discussed, and the inspection and 
quality control procedures are desctibed.—£. F. 


CLAD SHEET AND HARD FACING 


Clad metals A. C. Gilbraith (Sheet Met. Ind., 
1960, 37, July, 514-518) Clad metals are classi- 
fied and their design functions described. A list 
of applications and properties of clad metals 
are given and a comparison is made with 
electroplating.—a.H.M. 

Mardsurtacing improves wear resistance 
C. E, Raymond (Canad. Metalw., 1960, 23, 
June, 49-51) Methods of hard facing are 
briefly reviewed and uses are mentioned. 

of hard chromium J. D. 
Greenwood (Electropl. Met. Fin., 1960, 13, 
Sept., 322-326) Two ty of controlled depo- 
sition are distinguished, the first with minf- 
mum build-up, treeing, and rene the 
second requiring more exact control and refer- 
ence to drawing dimensions to enable parts to 
go into service without further see | 
xamples are given of methods employed, 
with particular reference to external and 
internal surfaces of small sleeves, plating 
selected portions of parallel shafts, prevention 
of blowing at holes anti slots, and the con- 
trolled plating of piston rods, bores, and flat 
ge pe and hard 
uence ing 
chromium plating on the faligue strength of an 
X C 48 steel H. de Leiris (Chrome Dur., 1958, 
7-23) It is shown that Cr plating on a mechan- 
ically polished steel lowers the tension-com- 
pression fatigue strength; a further substantial 
drop in strength is found after a subsequent 
heat treatment at 160°C. Improved results are 
obtained by plating on electrolytically- 
polished steel, but a fall in fatigue strength is 
again obtained on heating to 160°C. 

Cladding of Kapian ne wheels P. Hrbél 
(Zvdr. Sbornik, 1959, 8, (4), 475-499) In view 
of the difficulties met with in casting wheels 
made of 13%Cr steel, it is shown to be prefer- 
able to cast the wheels from 0-25%C steel and 
protect them by cladding with 18/8 Ti- 
stabilized Cr—Ni steel. This method is econom- 
ical. Details of the technology of production 
are given.—P.F. 

of heavy stainiess-ciad steel fora 
nuclear reactor H. Shimoda, K. Miyano, K. 
Inouye, and Y. Endo (Tetsu to Hagane, 1960, 
46, March, 361-363) Mechanical properties are 
given for composite sheets of AISI 347, 304, 
and 304 L steel clad on to two backing metals 
and electroplated with nickel or nickel-iron. 
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The diffusion of carbon from the backing to the 
cladding metal is traced.—«.8.4. 

ing steel with titanium—a progress 
report J. L. Ma and C, Wright jun. (Met. Prog., 
1960, 77, May, 76-79) It is shown that Ti-clad 
steel can be made by the roll-bonding method, 
difficulties which limit the plate sizes which 
can be made satisfactorily are mechanical 
rather than metallurgical. 

Boridation ©. Haaber (Usine Nouv., 1960, 
16, Sept. 1, 35, 37; from ZW F, 1960, Feb.) A 
review of methods and uses with a comparison 
"The production of treble 

The of layer steel for plough 

J. Hanke (Hutnik, 1960, 10, iD. 
148-150) The production of compound steels 
with a soft interior and hardenable outer 
layers is discussed, and features of the tech- 
nology requiring special attention to assure 
coherence between layers and a high quality 
product generally are considered.—pP.F. 
ag tone (Ind. Fin., 1960, 
12, July, 45) e ‘Pyro-Plate’ process for 
metallurgically bonding nickel alloy plate to 
ferrous tals and copper has proved highly 
efficient and economical in preventing high- 
temp. oxidation of metals. The properties of 
the plate are outlined and a number of applica- 
tions are discussed.—. F. 

Bonding aluminium to steel (Prec. Met. 
Mold., 1960, 18, July, 44-45) Uses of the Al- 
Fin process are illustrated and briefly des- 
ny onetl igh 

Cera ngs for high temperature ser- 
vice S. W. Bradstreet jun. (Corrosion, 1960, 16, 
July, 309t-311t) The author reviews the prob- 
lems involved in the attachment of a ceramic 
coating to a variety of substrates, and dis- 
cusses the advantages and disadvantages of 
different combinations. Principles for ‘tailor- 
ing’ protective coatings for refractory metals 
are suggested... F. 





POWDER METALLURGY 


Powder metallurgy N. Chowdhuri (Sci. Eng., 
1959, 12, May-June, 70-72) An introductory 
account of production and uses, including hard 
carbides. 


fron produced by the H-iron process 
G. G. Fs (Blast nd Steel Plant, 1960, 


48, March, 276-281) A description and account 
of the operation of the H-iron plant at Alan 
Wood Steel Co., Conshohocken, Pennsylvania. 

A method of oa metallic films on non- 
metallic surfaces N.C. W. Judd (RAE 140611, 
1959, pp.11; N 80325) Printed circuits are pro- 
duced b using iron powder in a synthetic 
resin oP § replacing the iron with Cu or Ni. 

—— sinteri Eaton Mfg. Co. (Prec. 
Met. Mold., 1960, 18, July, 49) A lawn-mover 
oy resisting impact and corrosion is shown. 

t is made of pressed sintered iron powder 
infiltrated with Cu. 

‘Fibre’ metals (Met. Treatment, 1960, 27, 
July, 291—293) The method of manufacture of 
compacts made up of fibres 0-03-1-0 in long 
and 0-001-0-020 in dia. is described. Because 
of the multiplicity of bonding points along 
fibres a wider range of densities can be achieved 
as compared with powder compacts. Applica- 
tions of ‘Fibre’ metals are described which 
include filtering, sound and vibration absorp- 
tion, battery plates, catalysts, and the produc- 
tion of composite metal-ceramic mixtures. 

Metallic J. F. C. Morden (Met. Ind., 
1960, 97, June 17, 495-499) Methods of manu- 
facture of metallic fibres are described, these 
include: mechanical methods, chemical meth- 
ods, and from the molten state. The import- 
ance of surface condition is pointed out and 
methods of fabrication are described. Mechan- 
cal properties are shown to be a function of 
solid density, as in the case of powder com- 

. A list of applications is given, the most 
important of which is in filtering of liquid 
metals and hot chemicals.—a. a.m. 

‘ 





PROPERTIES AND TESTS 


ength structural steels I. Sator Onc 


and . Abe (Tetsu to Hagane, 1960, 46, March, 
354-356) Mechanical Charpy, and welding 
roperties are compared for Cr—Cu, Cr—-Cu-— 
Ki . Cr-Cu-Si-P, Cr-Cu-Mn-Ni, Cu-Ni-P, 























Cu-Ni-Mo, 
Ti steels.—x. 2.3. 

A note on structures in wrought 
Hallwood and T. R. G. Williams (Met. Treat- 
ment, 1960, 27, July, 275, 276) Tensile, im: 
and metallographic tests have been carried out 


Ni-Mo-V, Mn—Mn-V, and Mn-V- 
iron 8S. W. 


on wrought iron specimens prepared from a 
beam engine pump which has completed 100 
years’ service. The low impact strength of the 
specimens was explained — and pre- 
cipitation. This conclusion is supported by the 
microstructures which spueaied eoring and 
precipitation.—-a. H.M. 
Study on 1CGr—}Mo steel for boiler steel tubes 
- Hirano, 8. Yamamoto, T, Hiura, H. Koba- 
yashi, and T. Masuda (Tetsu to Hagane, 1960, 
46, March, 368-370) Details are given of creep- 
rupture, ‘tensile, hardness, and structural 
properties after various heat-treatments. 
udy on omy 7Gr-}Mo and 9Cr-1Mo 
steels for steel tubes H. Hirano, 8. Yamamoto, 
T. Hiura, H. MKobayeaht and T. Masuda 
(Tetsu to Hagane, 1960, 46, March, 372-375) 
Details are given of creep-rupture, tensile, 
hardness, and structural eeqwnes after 
renew heat-treatments.— kK. - ‘se. 
properties 155 alloy 
PPR F. Teokamean H. Sunaga, T. Suzuki, 
and K. Hosoe (Tetsu to Hagane, 1960, 46, 
March, 384-386) The data include the effect of 
annealing temp., on the properties, and the 
results of creep-rupture tests on the vac.- and 
air-melted alloys.—xk.£.5. 

Ona and wability in cold- 
rolled sheets of low-carbon steel S. Teshima, 
M. Shimizu, and M. Kawaharada (Tetsu to 
Hagane, 1960, 46, March, 416-418) Mechanical 
magnetic, and hardness properties are studied 
in relation to microstructure.—K.E.J 

A st - dispersion-st rengthened steel Y 
Imai an Hirotani (Sci. Rep. Res. Inst. 
Téhoku Univ. 1960, 12, April, 168-174) Dis- 
persion-strengthening phenomena in iron and 
several kinds of steels have been studied and as 
a result Al,O, is presented as a more suitable 
dispersing particle than SiO, or MgO in iron 
and steel. fhe cause of dispersion strengthen- 
ing is shown to be due to an unrel stress 
even in temp. range above ordinary re- 
crystallization temp. and the most noticeable 
fact indicated is that cold-worked and disper- 
sion-strengthened iron does not soften per- 
fectly even if heated above the A, point. 

Effect of deformation in the metastable 


austenitic condition on the mechanical proper- 
ties of type 410 stainiess steel Y. Hosoi, K. EF. 
Pinnow, and A. J. Shaler (Tetsu to Hagane, 
1960, 46, March, 363-365).—x.8.J. 

A study of poring veel. 1. Isothermal trans- 
formation and mechanical of Mn-Cr 
steel M. Ueno, I. Uchiyama, and A. Hoshino 
(Tetsu to Hagane, 1960, 46, March, 445-447). 

On the causes of deflections of turbine shafts 
ee ee eee 
c D deflections H. Shimoda, 8. Onodera, 
A. Tokuda, R. Homma, and H. Yoshida 
(Tetsu to Hagane, 1960, 46, March, 408-410). 


Effect of microstructures upon the mechanic- 
al of high carbon steel T. Kakutani 
an . Oshida (Tetsu to Hagane, 1960, 46, 


March, 346—347).—x«.z.J. 

Coarse fractures in steels A. Kalivoda 
(Hutntk, 1960, 10, (4), 144-147) The literature 
relating to the incidence of coarse fractures in 
forgings is reviewed. Experiments carried out 
by the author on an OH Cr-Ni-Mo steel 
showed that heat treatments of various types 
had little effect on the tendency to form coarse 
fractures. The most important variables 
appeared to be gaseous impurities, mainly 
oxygen and hydrogen, and heterogeneities in 
the chemical composition of the ingot. Meas- 
ures appropriate for remedying the tendency 
to the formation of coarse fractures are pro- 
posed,—P.F. 

Am nt digital eg ag recorder 
J. R, Sturgeon (7 rans. Soc. Instr. Techn., 1959, 
11, Dee., 213-220, discussion, 220-223) The 
recorder was designed for the aircraft industry 
and takes 216 readings in 2 min. 

Variation of the modulus of elasticity of cast 
iron with section size G. N. J. Gilbert (BCIRA 
J., 1960, 8, July, 545-554) A series of tests has 
been undertaken to determine the effect of 
section size on the modulus of elasticity of 


flake graphite cast iron, The influence of car- 
bon equivalent and of eutectic cell size have 
also been investigated, and the results of the 
tests are compared with those of other workers. 


A method of i mechanical — 
ing in a wide te ee , 
Mandler (Arch. Eisenh., | 31, July, 423- 


426) A newly -developed ap us is des- 
eribed, by means of which excitation and 
indication are carried out by an electrodynam- 
ic method, which gives higher sensitivity of 
reading than normal methods, and permits 
accurate measurements near the melting point 
of the specimen to be made. 


mining the da Sa moyen 
ing ng . le 
Rolland and E. Piénard (Rev. Mé. Mém. Sci.., 


1960, 57, May, 371-— 388) A general discussion 
of damping capacity is followed by a descrip- 
tion of a new differential method, based on the 
induction of low frequency oscillations. An 
ee to grey cast iron : given. 
developments in the theory of 
metals A. Rooss (Génie Civil, 1960, 137, Sept. 
15, 384-388) A review of recent theory "of /the 
liquid state and of the electronic structure of 


metals. 
What is a dislocation? F. de Kazinezy (Jern- 
kont. Ann., 1960, 144, (3), 258-275) An outline 


of dislocation theory is followed by a descrip- 
tion of various types of dislocation, their stress 
field, energy, and interactions, with some 
examples of dislocation structures. 

Regular pile-up of dislocations in «-iron E. 
Smith (Acta Met., 1960, 8, June, 403-404) Ina 
study of thin foils of iron in the electron micro- 
scope a regular pile-up of dislocations against a 
particle is reported. Pile-ups in a-iron are 
usually very irregular and it is claimed that a 
regular pile-up has only once been observed 
and does not appear to have been reported 
previously.—s.H.-s. 

On the aceon Ape Se lines visible under the 

. A. Bochvar and Yu. A. Preo- 
brazhenska: so (Doklady Akad. Nauk, 1957, 
113, (3), ree 566) Slip line patterns and an 
hie actual displacement 
are nabbed Comparison of ductile and 
brittle materials should throw light on the 
nature of the slip process but the results here 
given did not present a clear picture of the 
mechanism. It is concluded that slip lines are 
not the sole result of deformation and that the 
process is more complex. A 14%Mn steel was 
used over a range of temp. from —195° to 
+ 200°C, 

The interaction of ptm — 
with a simple tilt dislocation wall J. C. M. Li 
(Acta Met., 1960, 8, May, 296-311) An elastic 
theory analysis of the interaction of a disloca- 
tion wall with parallel approaching disloca- 
tions whose slip vectors are the same as those 
of the dislocations in the wall is —_ 
Quantitative results for the equilibrium 
tions of the free dislocations in the wall an the 
forces exerted on the approaching dislocation 
in various cases are presented. The interaction 
between a wall and a solute atom is found to be 
less than that between the single nearest dis- 
location with the same solute atom. The segre- 
gation of vacancies and solute atoms to the 
dislocations is suggested as playing a more im- 
portant role in the hardening effect than the 
appearance of substructure (26 refs).—s.H.-s. 





mobile 

Saada (Acta Met., 1960, 8, March, 200- 208) 
{In French] A model is proposed for detailed 
mathematical study of the passage of a dis- 
location moving in its slip plane through a 
dislocation ‘forest’. After citing several applica- 
tions in the study of hardening, dislocations 
situated in slip planes near those of moving 
dislocations are shown to exert constraints of 
the same order as those due to ‘trees’ cutting 
the slip plane.—s.#.-s. 

Activity of carbon and oyxgen in moiten iron 
8S. Ban-ya and 8. Matoba (Tetsu to Hagane, 
1960, 46, March, 237-239). orem E.J, 

Effect of elements on the and 8. 
ite in iron T. Fuwa, Mag ee Pies. © and 8 
Matoba (Tetsu to Hagane, 1960, 46, 

235-237) Data are given for the satebiliy ot 
1450°C of C in alloys of Fe with Ni, Co, W, Mo. 
Cu, and Sn, and the effects of Al, Cr, Nb, Mn, 
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P, Si, 8, V, and As are also discussed (16 refs). 

Evaluation of physical strength of materials 
(Mech. World, 1960, 140, Aug., 320-321) A 
brief review of tensile and fatigue testing 
curves. 


Measurement of tensile properties of 
auth nenck omen etaninn 
machine S. Sakui, T. Nakamura, and 8. 
Nunomura (7'etsu to Hagane, 1960, 46, March, 
418-419).—k.B.3. 

Tensile tests at +20 to —180°C on ductile 
and embrittled mens of chromium—nickel 
steel A. Peiter and G. Altmeyer (Arch. Eisenh., 
1960, 31, July, 427-432) It is shown that yield- 
point, tensile strength, and maximum elonga- 
tion values are not suitable for indicating the 
temp. of embrittlement of the specimens exam- 
ined, which contained 0-39%C, 1-65%Cr, and 
4:35%Ni. The suitability is shown of the 
reduction in area, the tensile strength accord- 
ing to the definition of Kérber and Krisch 
(Handbuch de® Werkstoff{prifung, -vol.2, 2nd 
ed., 35-139) and the form of the fracture. 

Effect of the size of men on fracture 
appearance M. Wanabe and Y. Ideuchi (Proc. 
2nd Japan. Congress on testing materials, 
Kyoto, Japan, 1959, 63-65) The problem was 
discussed from the standpoint of strain energy. 
In the case of unnotched specimens such as 
ordinary tensile test specimens of ductile 
materials, the size effects were small, while 
considerable size effects were observed in the 
ease of notched specimens. The critical notch 
radius in V-notch aoe test T. Kanazawa and 
H. Itagaki (76-79) A discussion on how’ to 
determine the critical notch radius by using a 
theoretical formula previously advanced by 
one of the authors. It was suggested that the 
allowance of fabrication error on notch radii 
should be severely restricted in the present 
standard V-notch Charpy Test. Electron 

st of fractured surfaces of 
metais H. Wakashima (83-86) Metals exam- 
ined were mild steel, hard steel, Ni-Cr steel, 
tool ateel, copper, brass, aluminium, Al-Zn 
alloy, duralumin, ete., and four types of micro- 
scopic structures were studied, namely from 
plastic fracture, brittle fracture, fatigue frac- 
ture, and high-temperature brittle fracture. 
Findi are reported. 
features of the deformation and frac- 
ture of metals and alloys submitted to tensile 
testing under vacuum at high temperatures 
M. G, Lozinsky (Rev. Mé. Mém. Sci., 1960, §7, 
May, 395-407) Materials examined were Co, in 
which an ‘elastic’ displacement of micro- 
volumes was observed, and the existence of a 
step fracture below the equicohesive temp. 
established; A Ni-7%Mo alloy, which showed 
heterogeneous plastic deformation at high 
temp.; and commercial iron, in which micro- 
ness varied with temp. and deformation in 
tension (14 refs). 

On the hot jenginy pure —_ 8. Sakui and 
K. Sato (Tetsu to Hagane, 1960, 46, March, 
322-323) Data are given for pce thy Be so 
load-elongation behaviour, and tensile load at 
tem . MP to 1350°C, and for the microstructure 
of 20% elongated specimens.—x.E.J. 

Regarding the nature of the yield range ge of 
steel D. M. Vasil’ev and 

. V. Kozhevnikova (Solid State Physics, 1959, 
1, (8); translation 1960, Feb., 1207-1209) 
Koster’s hypothesis of the cementite ‘brittle 
pie oe od is contested. 
he proper measure of deformation in > 
tensile testing of metals and 
Truszkowski (Bull. Acad, Polonaise Sci., leon 
8, (1), 53-61) [In English] A formula is pro- 
posed and discussed and a term 8 as a measure 
of degree of non-homogeneity is defined. 

Yielding of containing slits D. 8. 
Dugdale (J. Mech. Phys. Solids, 1960, 8, May, 
100-104) A relation is obtained between extent 
of plastic yielding and external load applied. 
Work carried out to verify this relation is 
described. 

Scattering in gauge factor of domestic 
resistance wire strain gauges Y. Tada and F. 
Itoh (Prec. 2nd Japan, Congress on testing 
materials, Kyoto, Japan, 1959, 231-233) 
Investigations convinced the authors of a high 
level of precision to be expected of present 
domestic products after testing six of the most 
popular models of strain gauges of 1202 grid 
type currently in use in Japan. 
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or 
with the original ion) are inv 

ies, Erichsen value, and dirti- 
ness of Si steels made in the OH and the 

i furnaces.—K.E.J 

A theoretical of of 
cast-iron J. Ponec (Hutn. Listy, 1960, 15, (6), 
461-467) The effect of structure - 


which these were obtained; 
curves and 19 of illustrations 
are added. The in structure are dis- 
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operation, and 
test results obtained cast iron J. Czikel 
(Giesserei, 1960, 47, April, 7 167-175) The cube 
is hollow, with one o’ its side walls varying i 
thickness, the others being of uniform thick- 
ness. Its method of use for stress determina- 


5 


Changes in physical properties and micro- 

of metais due to rapid straining J. 

Duby (Can. Min. Met. Bull., 1960, 53, June, 

409-418) Compression tests on mild steel and 

Al were carried out. The results are discussed 
in terms of dislocation theory. 

Use of the Swift ‘fest for the 


ment of steel sheet for R. 
(Sheet Met. Ind., 1960, 37, July, 523-528, 534) 
Tests were carried out on an OH rimming steel 
to evaluate the ability of the Swift Cuppi 
Test to differentiate between aged and 

steel, also to compare this test with the Olsen 
Cupping Test. It is concluded that in the Swift 
Test the ellipsoidal punch is capable of detect- 
ing differences between and unaged steel. 
The Swift Test did not give more information 
than the Olsen Test and it is ested that in 
the latter a bigger ball reduces the sensitivity 
of the test to gauge iati —A. HM. 

Control test 


bars for i test- 
ing G. Malm (Jernkont. Ann., 
1960, a Ge 281-287) [In English} Experi- 
ments with 3 x 10 x 55 mm test bars show that, 
under the conditions specified, they can be 
used for checking pendulum machines up to 
about 4 kg. 


assess- 
Pearce 
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Apparatus for test A. G 
Fuller (BCIRA J., 1960, Galy see ther) The 
ap) is described. is rapid 


steel. IV. Effect of 
2. on on 
tion of high-manganese steel Y. Kido and H 


2-48%), — oe = eri 
im igidity, 
tdcamecl nad phen as “ss B.J 
Effects of cold ene os - age 
ee ee —. 2nd 
on '’ 


temp. on Al, Cu, 
Caines ert Wt 2) 

( i e, , , , etc.) 
are examined and described. 

Cause and effect in non-destructive testing 
F. Nixon (Quality Eng., 1960, July—Aug., 
97-106) Fatigue testing by Rolls-Royce is 
discussed, with examples. 


Stress criterion for i. fracture of steels 
T. Yokobori (J. Mech. 8. Solids, 1960, 8, 
May, 81-86) An approach is made to the prob- 
lem of correlating the macroscopic fatigue 
strength of steels with microscopic explana- 
tions of current dislocation theory. The agree- 
ment with the characteristic features in stress 
criterion for fatigue fracture of steels is good. 

materials 


pTo- 
— new damage line on the basis of the 
igue life and not of the endurance limit of the 
material tested. 

R model of a crack A. N. 
Stroh (/. Mech. Pan seadie theo, 8, May, 
119-122) A model of a crack is developed in 
which the surface energy on the Griffith treat- 
ment is taken to depend on the temp. and 
strain rate. It is shown that such a crack shows 
a transition from brittle to ductile behaviour 
as the temp. is raised. 

shows when cracks become 
dangerous M. Newman (Product Eng., 1960, 
31, Aug. 29, 56-57) Critical length for a given 
stress is obtained from the alignment care 
given. Low-alloy and stainless steels are 
included with Ti, Mg, and Al alloys. 


ene ace ree eet St 


(1), 42-47) The influence was investi- 

of the depth of the deformed layer pro- 

uced by shot peening on: increase of cyclic 
, distribution of residual stresses, and 
changes in the type ITI and III distortions in 
the surface layers. The mechanical properties 
of the work hardened layer and the influence of 


——— = nem on the increase 
in cyclic strength during shot peening were 
also examined. 
in a teading and iis E 
cE. von 
one (Stahl Eisen, 1960, 80, Sept. 15, 1289- 
1292) The effect of the ‘bark’, a decarburized 
or heat-softened zone underneath the hardened 
skin, on the crack resistance of heat-treated 
steel parts and the methods developed for 
revealing this bark are described and the 
stress conditions which exist as a result of the 
presence of such a bark are discussed.—t.«. 
Electron observations on the 
of cracks H. A. Bendler and 
W. A. Wood (Acta Met., 1960, 8, June, 402- 
oe A a is aa for following the 
ormation gro of fatigue cracks using 
o optical microscope for observation. 
‘atigue specimens were and then 
replicated for electron microscopy, showing 
that what under the optical micro- 
scope as continuous fissures are, in general, 
better described as links in smaller discon- 
tinuous fissures.—s.H.- 8. 


Some relationships the deforma- 
tion of technical iron during re 
fluctuations M. G. Lozinskii and I. 8. Simeon- 
—. Leormine § Obra. wo eg Mig th 

jpecimens of commercially pure Fe (0-03%C) 
were led in v at 1000°C for 2 h 
then deformed under tension in the pr of 
a temp. gradient in the longitudinal direction. 
A range of temp. was ted in each speci- 
men, varying from 400°C at the to 
1000°C at the centre. Each heating cycle con- 
sisted of heating to 800°C, holding for 2 s, 
then to 1000°C and holding for a further 2 s, 
followed by cooli to 800°C. Ultra-high 








plasticity was » with the formation of 
two and a rapid sliding deformation. 
The mechanism is discussed. 


The thermai-shock of steels and 
F. Eichhorn (Stahl 


materials 

Eisen, 1960, 80, Sept. 15, 1275-1283) A method 
is described for the d ination of the crack 
ibility of metallic materials during 
thermal-shock cycling. Round samples of 
36 mm dia. are heated by eddy-current pulses 
to a certain depth. At the same time cold 
water flows through a hole bored along the axis 
of the sample. The number of pulses which are 
ired until the first macroscopic cracks are 
visible in the sample is regarded as a para- 
meter. A number of ferrous and non-ferrous 
alloys were tested and the results are present- 
ed and discussed. Owing to the numerous fac- 
tors that affect the results no general rule on 
the thermal-shock behaviour of the materials 

tested can be offered (17 refs).—1.0. 
The behaviour of dead-mild steel 


under tatiewe — between room rag «ha 
ture and 600°C J. de Fouquet (Rev. Mé. Mém. 
Sci., 1960, 57, Aug., 603-608) Microstructure, 
mechanical properties, and the development of 
internal friction at the various temp. of fatigue- 
stressing indicate modifications in the arrange- 
ment of C and N in the a-iron under the temp. 
dependent effect of alternating stresses. The 
considerable effect of the distribution of 
impurities during fatigue is discussed. 

Effect of nitriding on the fatigue strengths of 
non- steels M. Nishihara, T. Nakano, 
and T. Goto (Tetsu to Hagane, 1960, 46, March, 
447-449) Data are given for type 302, 316, 
347, and SEH 4 steels.—x.£.J. 

A simple method of investigating the creep of 
metals under si shear E. N. da C. Andrade 
(Nature, 1960, 187, Aug. 6, 494) A method of 
cutting and straining specimens of metal is 
described more simple than the disc method 


previously used. 

A consideration of the rupture test R. 
Nakagawa and Y. Otoguro (Tetsu to Hagane, 
1960, 46, March, 365-368) Results from 15 
machines are compared. Correlations are 
derived between creep rupture time, elonga- 
tion, and creep rate. The effect of size of speci- 
men on the creep properties is investigated. 

Creep and stress relaxation of cold-worked 
steei wires with different iments A. 
Pfiitzenreuter (Stahl Risen, 1960, 80, Sept. 29, 
1321-1336) The anneali characteristics of 
cold-worked, medium- and high-C steel wires 
are explained in terms of dislocation theory. 
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Worked wires showed a higher creep resistance 
the higher the amount of cold work. The creep 
time curve is logarithmic for low loads and 
changes into a hyperbolic form for high loads. 
The annealed wires showed a relaxation when 
stressed below the yield point. This is attri- 
buted to blocking of dislocations. Creep and 
relaxation are discussed with regard to the use 
of steel wires in prestressed concrete, pre- 
stressed springs, bolts, and rivets. In the dis- 
cussion more practical aspects of the problem 
were ventilated (28 refs).—r.a. 

Application of Stroh’s theory to intercrystal- 
line op erat C. W. Weaver (Acta Met., 
1960, 8, May, 343-344) Work at the Australian 
Defence Standards Laboratories in the light of 
Stroh’s formula and McLean’s creep tests, 
showing how, in Nimonic 80A-type alloys, the 
formation of micro-cracks may controlled 
by microstructure to the extent that triple 
point cracking may be suppressed even under a 
maximum applied shear stress of 8-5 t/in*, is 
reported.— 8. H.-8. 

Creep properties of 18-8 chromiu 


m-nickel 
stainiess steel owe | niobium 8. Terai 
(Tetsu to Hagane, 1960, 46, March, 379-381). 


poeta’ studies ‘ot the strength ‘ow 
in creep of low 
alloy steels Z. Bembenek and V. Foldyna 
(Sbornik, (Ostrava), 1960, 6, (1), 33-49) [In 
Czech] ge work on the effects of internal 
stresses, including those arising from precipi- 
tation hardening and shaw henge’ be ra 
alloy 1-4%Mo steels, are reviewed in conjunc- 
tion with a discussion of the author’s own 
results. The rapid drop of quenching stresses in 
such steels, observed at 550°C, while hardness 
is still continuing to rise with time, is ascribed 
to the formation of a non-coherent Mo,C pre- 
cipitate from the coherent phase of the same 
composition.—pP.F. 

Crankshaft failure International Institute of 
Welding (Autom. /Hng., 1960, 50, July, 296- 
297) An illustrated account of the fatigue failure 
of @ 500 hp Diesel engine crankshaft, with 

on. 

Causes of cracking of heavy Cr—8i stee! valves 
R. Goller (Hutntk, 1960, 10, (7), 265-268) 
Causes of ing of heavy — valves, 
mainly at the junction between and valve 
head, were investi . The valves are liable 
to brittle fracture if they are incorrectly cooled 
after tempering. The major cause appeared, 
however, to be too high a forging rate; the 
latter should be as low as is consistent with 
ad shaping of valves, i.e. those 
weighing about 4 Ib. Ultrasonic checking is 
recommended.—pP. F. 

influence of the frame of the Shore hardness 
tester on the measured value T. Yamada 
(Tetsu to Hagane, 1960, 46, March, 420-421) 
Differences in results arising from various 
combinations of frames and anvils are shown 
quantitatively.—x.£.J. 

Effect of the pressing force on the Shore 
hardness and the mass efect on it S. Machida 
(Proc. 2nd Japan. Congress on testing materials, 
Kyoto, Japan, 1959, 69-72) The effect of the 
pressing force is reported and the successive 
investigation of the mass effect is discussed, 
and useful critical pressing force curves show- 
ing relation between critical pressing force and 
hardness of specimen are given. The effect of 
the distance between impact indentations on the 
Shore hardness (73-75) A series of studies of 
various factors affecting Shore hardness is here 
related to investigations of the effect of dist- 
ance between indentations when it was found 
that hardness number was not influenced by 
the neighbouring indentation until the distance 
became half of the diameter of indentation. 
Elastic recovery in the R ness 
test K. Kuroki and S. Komuro (66-68) Elastic 
recovery of indentation depth and changes of 
shape of indentation due to removal of major 

were investigated. It was found (1) that 
recovery was small with decreases of major 
load and the hardness of specimen for each in- 
denter; (2) that ratio of recovery of indentation 
depth to total depth under major load was 
nearly constant, independent of load, unless 
depth was smali, and that ratio became large 
with increase of hardness of specimen and 
conical angle of indenter. 

The hardness testing of cast iron with the 





hardness tester developed Poldi-HUtte F. 
Hickel (Giesserei, 1960, 47, May 19, 273-276) 
The results of tests on 33 test pieces are anal- 
ysed and compared with the results of Brinell 
tests, and the scatter of results in various hard- 
ness ranges is examined. 


Studies on the micro-hardness of metais. |. 


the load A. M. Shams el Din, N. Ibi, and A. 
Linder (Anal. Real Soc. Espa. Fis. Quim., 
1960, 56(B), May, 433-442) [In English} The 
relationship between S, the scratch width and 
g. the load has been studied for loads i 
rom 1-66 to 10 g. The metals examined vari 
from a soft, 5%Sb—Pb alloy to a 0-5%C steel 
and were prepared to a mirror finish. A statis- 
tical analysis of the results showed that the 
relationship, g=Bda held, within 1% limits, 
and that a= 2 except in two cases (Al and Zn) 
when it was about 1-8; generally, « and f are 
constants for each metal. A linear relationshi 
between scratch width and indentation hard- 
ness (measuring the diagonal length) was 
noted.—P.s, 

The hardness of iron, low-carbon steels, and 
cast iron roll materials at various temperatures 
E. R. Petty and H. O'Neill (JISI, 1961, 197, 
Feb., 141-146) [This issue}. 

Hardness of cold rolled carbon and 
low alloy steel G. Molinder (Jernkont. 
Ann., 1960, 144, (4), 297-328) [In English] 
Comparative tests on cold rolled strip in the 
annealed, cold-worked, and hardened and 
tempered conditions showed that the only 
generally applicable methods were tensile 
testing (followed by conversion) up to about 
200 kg/mm*, and the Vickers test, provided 
this is carried out on the cross-section and not 
the surface. 

The hardness of cementite I. N. achev 
and 8. B. Rozhkova (Lit. Proizv., 1960, (5), 
34-36) Experiments here reported show that 

both hypo- and hypereutectic white 
iron does not change its average hardness since 
the fluctuations are within the margin of error. 
Neither does isothermal holding between 300° 
and 700° result in a c in the microhard- 
ness of the cementite. The assumption that 
heat treatment of white iron both below and 
above the A, point results in changes of hard- 
ness is not therefore justified. 

The measurement of hardness on machined 
sliding surfaces of = grey cast-iron casti 
8. Lorene and M. Houdt (Slévdrenstvi., 1960, 
(7), 240-242) The method appropriate in 
checking the Brinell hardness of sliding sur- 
faces is discussed from the point of view of 
standardization of practice and avoidance of 
errors.—P.F. 

Influences of phosphorus and —— on the 

of steel (By measurement internal 

) T. Ohtake, K. Aoki, and I. Kimura 
(Tetsu to Hagane, 1960, 46, March, 425-428) 
The relationships between increase of yield 
point or ageing index and contained nitrogen 
(in various forms) is shown for rimmed, Si- 
killed, and (Si+ Al)-killed steels. 

influence of high-temperature short-time 
ageing on the of a forged piece made 
from alloy AK-6 after and artificial 

Doo Tao-bin, Lin Liang-kun, Lin 
Shi-tsai, Chin wy ee and Van Chen-gow 
(Acta Inst. Met. et Metallurg. Centrali-Australe 
Sinica, 1957, 2, (2), 49-60; from Sci. Abs. 
China Techn. Sci., 1958, (2), 160) Hardness 
measurements are given after treatment at 
200°, 235°, 260°, and 300° for 10 sec to 5 min 
in a salt bath and holding at 165° in an oil bath 
for 3-5—14 h. 

Stability of retained austenite on ageing E.G. 

handran and C. Dasarathy (Acta Met., 
1960, 8, April, 274-275) Concepts, based on the 
associated martensite phase and the random 
thermal agitation of carbon atoms are claimed 
together to explain satisfactorily the effect on 
the parameter (the extent to which austenite, 
retained at a given temp., has to be further 
cooled if it should just commence to transform 
to martensite) of both the proportion of adjac- 
ent athermal ite as well as of ageing 
temp.—8.H.-8. 

Studies on A 286 T. H wa, F. 
Terasaki, and 8. Yamashita. 11, On ageing 
structure of A 286 T. Hasegawa and F. 
Terasaki. 1. E of Ti and Al on mechanical 
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properties of A 286 T. Hasegawa and 8. Yama 
shita (Tetsu to Hagane, 1960, 46, March, 381- 
383; 383-394).—-x«.E. J. 

Alloy 20 stainless steel production and mech- 
anical L. Fink (Mod. Castings, 1960, 
37, Sept., 99-102) This steel, a fully austenitic 
Cr-Ni stainless type containing Mo and Cu, 
shows unusual hot-short sensitivity. Methods 
of the testing of the steel for this defect, and of 
eombating it, are discussed. The mechanical 
properties to be cn Se from this composi- 
tion are summarized. 

effects on white iron anneal- 
ability. 11. C. R. Loper jun, R. W. Heine, and J. 
Waring (Mod. Castings, 1960, 37, June, 114 
122) The effect of additions on first and second 
graphitization is considered. Bi, Te, T1, 
In were added. 

Where we stand in with brittle frac- 
ture B. L. Averbach (SSC—120, 1960, Feb. 23, 
pp-19) A review paper from the Ship Structure 
Committee surveying testing, metallurgical 
concepts, and dislocation theory. Experimental 
features are set out and Cottrell theory is 
applied. Work ffom two unpublished theses is 
included. ; ; 

A cote on befitte trastere laltiation tn mals 


steel prior compressive . E. 
Turner (JISI, 1961, 197, Feb., 131-135) [This 
issue). 

Regarding the mechanical criterion of cold 
brittleness N. N. Davidenkov and I. A. 
Bozhokina (Solid State Physics, 1959, 1, (8); 
translation 1960, Feb., 1210-1211) A criterion 
from bend and torsion results is advanced. 


More work is in p \. 

The non-destructive electronic microfracto- 
graphy of semi-brittie E. Mencarelli 
(Rev. Mét. Mém. Sei., 1960, 67, Aug., 578-588) 
An examination is described of three semi- 
brittle fractures—an oxygen cylinder 
—_ a piece of sy drill casing, and a thic' 
steel test-piece with coarse grains, using 4 non- 
destructive replica pens ~ ciently des- 
cribed (Jacquet and Mencarelli, ibid., 1960, 57, 
April, 241) (11 refs). 

Some ments on ductile cleavage frac- 
ture in steel T. Yokobori, H. Hamamoto, 
and A. Otsuka (Tech, Rep. Téhoku Univ., 
1960, 24, (2), 127-136) Tests on the brittle 
fracture mechanism of mild steel, including 
size effect, effect of ani y, and of slip 
distribution, and their results are described. 

; “= cold brittieness S plain carbon 
steel with an electron 18. Naka- 
nishi and A. Takemasa (Tetsu to Hagane, 1960, 
46, March, 439-440) Phenomena studied in- 
clude grain-boundary migration, crack initia- 
tion, elongated inclusions, absorption of 
cracks at a grain boundary, and strip making 

Effect of Ti and Zr on hot-shortness of low- 
Mn stainiess steels for nuclear reactors M. 
Kawabata, K. Yokota, Y. Sato, and T. 
Watanabe (T'eteu to Hagane, 1960, 46, March, 
358-361).——xK.B.J. 

Red-shortness due to surface-enrichment of 
impurities contained in steel M. Nakajima 
(Tetsu to Hagane, 1960, 46, March, 327-329) 
The effects of C, Si, Mn, P, 8, Cu, Cr, Sn, As, 
Ni, and Mo are discussed.—-K. B. J. 

The of rubbing surfaces J. F. 
Archard (Wear, 1959, 2, Oct., 438-455) The 
‘flash temperature’ theory is formulated and 

hical methods of deducing temp. are given. 

© wear of steels is included as an example. 

Extensions to take into account the effect of 

oxide or lubricant films are indicated. The 

flash temp. calculated for steels is consistent 

with martensite formation and pin and ring 
hi ts confirmed this. 


Study on wear — of de- 
oxidized grade cast . |. On wear of 
flake cast iron M. Homma and H. 
Meguro (Sci. Rep. Res. Inst. Téhoku Univ., 
1960, 12, June, 190-200) Wear resisting prop- 
erties of deoxidized high grace cast iron and of 
other cast irons were compared and the tests 
showed the first to have superior qualities 
owing to the strength and toughness of the 
pearlitic matrix and that eutectic graphite 
cast iron did not give wear resistivity under 
heavy load.—-8.H.-s. 

A -—- of the wear of steel under heavy 
loads lubricants containing sulphur-based 
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additives G. V. Vi and 0. E. ——. 
zova (Wear, 1960, 3, July—Aug., 297-308) A 
four-ball friction machine is described. St 


11, 680; from Fi 
. 1959, (B 35), ia1a8} It is concladea 
o the results of wear and other tests that 


ing is bably due to an anisotropy of the 
"3 Modulus of aint nna causing 


nyo ee with 
Miinchner uracing alloys neal 


1980, “ar on {In Slovak} Researches 
to improve the wear resistance of gas 
generator valves subject to abrasion by falling 
taining 4-290, 6-2%Ma, O-D5(5i, 0500, and 
“9Y%8i, 26%Cr, and 
0- O's was fu was found best, best.——P.F. ote ¥ 


owe peer =o 
one ne V. T. Stonehocker, J. Braun, D. N. 


The authors describe radiotracer techniques 
hitherto applied to the study of wear of small 
parts such as piston rings, to larger parts, such 
—s Diesel rece ha cylinder liners. Details of the 

for irradiating the liner are given 
prose with considerations of handling and 
installation of the radioactive liner in the 


fH 


a 


ualitative and quantitative determination of 
liner wear.——a.H.M. 
in steel J. D. Whitaker 
(Blect. Times, 1960, 137, April 28, 675-677) 
Apparatus making use of the phenomenon to 
examine rolled sheet for laminations is des- 
eribed. 

Domain tube structures in silicon iron L. F. 
Bates and R. Carey (Proc. Phys. Soc., 1960, 
75, June, 880-884). 

Nuclear magnetic resonance D. J. Kroon 
(Philips Techn. Rev., 1960, 21, Aug. 30, 286- 
299) An account of the phenomenon, the sort 
of information it yields, and the uses to which 
it can be put. 


Seeeee emensnenayets of on Won cingie 
8. Y uchi (J. Electrochem. Soc., 


amag 
1960, 107, Aug., 714~—715). 

The scope of flaw detection (Mech. World, 
1960, 140, July, 288-290) A review of non- 
destructive methods. 

Fabrication and flaw detection (Ann. Rep. 
Ship Structure Committee, 1960, May 1, Techn. 
Summary, 1-3) Hydrogen cracki of SAE 
4340 steel has been examined and a Soe and 
ultrasonic examination of welded © from 
one side only has been worked out. In 940 ft o 
welded plate twice as many defects were found 
by ultrasonics » by X-rays and the inspection 


took only 40 h inst the 470 required by 
radiography. F (3-5) Pure iron single 
crystals and notched steel plates were studied 


and prestressed were also examined. 
Inclusions are being studied also. Fundamental 
(6-7) Directions of 

fracture 


criteria (7) Fracture stresses under various 
conditions and tests on circumferentially 
notched round bars up to 4 in dia. are expected 
to show variation of transition temp. with 
thickness. Sees Nasir | 7-8). Residual stress 

(10) Work in 


tions given by various Tope flaw in a coil 
scape apparatus are shown graphically, 

typical flaw traces are shown rs r butt- 
welded, cold-drawn, and hot finished-seamless 


tubes.—-x. 2.2. 
Advances in a — of _— 

cables used in 
— (Hutn. Listy, 1900, % (6), pret 
An electromagnetic induction bridge for the 
rapid testing of steel ropes is described, and 

its _—-, utilization is considered.—P.F. 

es ors ofa os namen —_ 


and carbide in iron rolls P. Baker 
IRA J., 1960, 8, July, 506-513) The 
development and tion of the test is 
described. A brief iption of the metal- 
of indefinite chill and clear chill rolls is 
followed by quantitative results, including a 
relationship ween surface hardness and 
white iron formation, expressed as a velocity 
factor. White iron formation expressed in this 
way is also related to chill test samples casi 
with the rolls. 
R. 


examination of welded joints 
Hornung Ung-e e Indust., 1960, 27, June, 88-93) 
} The techniques of ultrasonic test- 
ing of welds are described and illustrated with 
various examples.—P.s. 

Gontinuous recording method of thickness 
testing using an ultrasonic thickness tester Y. 
Maebashi ( . 2nd Japan. Congress on test- 
ing materials, Kyoto, Japan, 1959, 227-230) 
An ordinary resonance type ultrasonic tester 
with part of a test oscillator and camera are 
used to give a continuous record and succeed, 
when pen type instruments fail or cannot be 
employed, in giving understandable records. 

coiled material Weston 
Instrument Div. Daystrom Inc. (Autom. Eng., 
1960, 50, July, 307) A mobile X-ray device for 
use on strip up to 54 in wide on slitting or 
lines is mentioned and its capabilities 
we oy ht It is known as the XactRay gauge. 
X-ray anal- 
yzer Feat gym Research boratories Inc. 
omg tig News Letter, 1960, 13, April, 
ay, June, pp.4). 
and structures in steels and metals 
G. Arregui (Met. y Electr., 1960, 24, July, 73- 
78) A review covering the theory and methods 
of spectroscopy, X-ray metallography, Bragg’s 
geometric condition and its importance in 
theory, and practice in industrial metal- 
lurgical spectroscopy; the effects upon the 
e of X-rays of gaseous and metallic 
inclusions on their passage through materials 
in masses of differing substances with practical 
determinations of thickness and size, and the 
effect of materials with extraneous inclusions, 
with a discussion of the work of Debye- 
Scherrer. (Aug., 77-81) The use of isotopes and 
of radioactive isotopes, the consequences and 
formation of structures, the physical chem- 
istry of crystals in metals, and the anisotropy 
and microgeometry of crystals are briefly 
reviewed.—s. H.-8. 

t vs X-ray J. A. Reynolds (Blast 
Furn. Steel Plant, 1960, 48, March, 282-284) A 
comparison of the advantages of the two tech- 
niques, equipment available, and economic 
factors. 


Manual of isotope cotiequeem E. L. Cris- 
cuolo, D. Polansky, and C. H. te (SSC-121, 
1960, May 23, pp.48) The radiography of steel, 
particularly of welds, is reviewed, with a sec- 
tion on safety. Numerous sensitivity curves 
are given. 

The use of radioactive elements in industry 
R. R. Losada (Dyna, 1960, 35, July, 519-523) 
A short review and summary of the many uses 
and functions of alpha, beta, and gamma rays 
in modern industry (in which they are claimed 
by the author to be almost indispensable), e.g. 
in the control of plant and equipment, the 
measurement of liquids and products, and in 
the study of corrosion.—s. #.- 8. 

Recommended practice for radiographic 
i of tusion-welded joints Commission 
5, International Institute of Welding (Brit. 
Weld. J., 1960, 7, June, 410-414) The position- 
ing of source and film, operator protection, 
surface Figg «agg of the work, and tech- 
a: or taking the photograph are con- 
sidered. 

How radiation affects engineering materials 
R. E. Bowman (Met. Des. Eng., 1960, §2, July, 
119-134). Structural metals (121-125) General 
effects and influence in impact strength, hard- 
ness, and density are given for all the common 
metals including carbon and stainless steels. 

Effect of elevated-temperature exposure on 
heavy-section pressure-vessel steels A. W. 
Pense, J. H. Gross, and R. D. Stout (Weld. J., 
1960, 39, June, 231s-235s) In order to test the 
suitability of high strength steels for service in 
heavy sections at elevated temp., a series of 
earbon and alloy high-strength steels in the 
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spray quenched and normalized conditions 
was held at up to 16000 h at room temp., 500° 
and 700°F. The results obtained are summariz- 
ed. 


ment of high-temperature strain 
fool Bertodo (Proc. Inst. Mech. Eng., 
1959, 173, (23), 605-616, discussion 617-622) 
Work on gauges to work up to 1000°C with an 
—_ of +5% is tote 
300 alloy steels serve the — 50° to —150°F 
range Rote and J. H. Proctor (Chem. Eng., 
67, June 27, 119-122) A review of the 
ASME classification and the rties and 
uses of low-temp. steels, especi y for liquefied 
gas services. 


The fracture of cast iron at room and liquid 


Japan. Congress on testing materials, Kyoto, 
Japan, 1959, 87-89) A study made on the frac- 
ture of thin-walled, hollow, cylindrical speci- 
nerers under torsion and on standard type 

under ion at room and 
quid oxygen temp. is described. 





Sub-zero treatment of quenched steel. !il. 
Effect of on the stabilization of retained 
austenite Y ai and M. Izumiyama (Sci. 


Rep. Res. Inst. Téhoku Univ., 1959, 11, Dec., 
433-441) The stabilization of retained austen- 
ite after partial transformation to martensite 
was investigated, using 1-12%C-4-98%Ni 
steel, with the following results: (1) The temp. 
lag, @ of the transformation point and Ms point 
is expressed as a function of ageing time. (2) In 
early stages of stabilization the amount of 
retained austenite decreased with lowering of 
sub-zero cooling temp., and stabilization com- 
pletely recovered at about Mr point. (3) There 
was no simple linear relationship between @ 
and 8. (4) The greater the amount of prior 
martensite, the easier the stabilization, especi- 
ally when mca pre ha 8. H.-8. 

he influence of «- ng elements 
on the diffusion of in gamma-iron F. 
Sirca (Rudarsko-Met. tk, 1959, (4), 371- 
380) [Summary in French}. 

The use of radioactive and scintilla- 
tion counters in studies of diffusion in metals 
B. Zithansky (Zvdr. Sbornik, 1959, 8, (4), 511- 
527) [In Siovak] Methods suitable for studies 
of diffusion by means of isotopes are surveyed 
with special reference to procedures and equip- 
ment in use in Czechoslovakia, The coefficient 
of diffusion of iron in a steel conteining 
0-04%C, 0-91%Mn, 0-02%Si, 12-7%Ni, 16-0% 
Cr, 5-4%W, and 0-11%Ti was determined by 
means of equipment embodying a scintillation 
counter. The coefficient was found to be D= 
0-14 exp. (—57000/RT) cm?/s., the gas con- 
stant, R, bene expressed in calories.—P.F. 

n steel (Tecn. Indust., 1960, 
July, 1097- een A Spanish] The role = 
nitrogen in steel, both as impurity and alloying 
element, is discussed. The precipitation of 
nitrides and their influence in grain refining 
and surface hardening is considered.— P.s. 

The possibility of using nitrogen as an alloy- 
ing element M. Mand! (Rev. Mét. Mém. Sei., 
1960, 57, Aug., 643-648) The literature on the 
solubility of N, in alloy melts in relation to 
steel composition, and on processes for intro- 
ducing N, into the melt is reviewed, N, content 
and distribution among the phases of austenitic 
alloys are examined, and work being carried 
out in Czechoslovakia is described (20 refs). 

Nitrogen as an alloying element in steel. its 
effect on quench ms n steels Y. Imai and 
T. Ishizaki (Sci. Rep. Res. Inst. Téhoku Univ., 
1960, 12, June, 183-189) Tests on the quench- 
ageing of steels containing of steels containing 
0-02-0-03 and 0-15--0-20%C are described. 
Specimens tempered at 750°C for 3 h after 
quenching at 950°C were requenched at 300- 
700°C after heating for 3 h at the respective 
temp. and then aged at 30°, 50°, and 100°C. A 
distinct correlation between Ni in steel and 
quench-ageing was found, but addition of a 
stabilizer such as Al or Ti or by fusion in 
vacuum reduced the ageing. In cases of low N, 
content (less than 0-005%) ageing was due to 
carbon, and the lower the ageing temp. the 
slower were the ageing rate and the greater the 
maximum hardness.—s.#.-8. 

ee ee = an alloying 
element in heat-resisting materials. X. On the 
high-tomperatere aaineaien of nickel 
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bearing 20°%Cr—Fe alloys in my 
Mi wn a and M. Okamoto Tete to 


seiublity ty of nitrogen in liquid iren and | 
in 
il. Eftect of Mi, Co, Mo, Gr and V on 


Peal scewae sees avert 


liquid iron 8. Mackawa, Y. Nakagawa, and Y. 
Yanagawa (Tetsu to Hagane, 1960, 46, March, 
240-241; 241-243).—x. 8.3. 

On the behaviour of h 


molten steel through the reducing period of a 
basic electric arc furnace 8. ey K. Takin- 
ami, T. Sugiyama, and 8. to (Tetsu to 
Hagane, 1960, 46, March, 276—278).—x.£.3. 
Solu of hydrogen in Fe-Ni and Fe-Cr 
at © and 1600°C F. de Kazinezy and 
QO. Lindberg (Jernkont. Ann., 1960, 144, (4), 
288-296) [In English] A Sieverts type appar- 
atus was used for the measurements, from 
which it was found that solubility increased 
with increasing Ni content and decreased with 
increasing Cr content. The effect of composi- 
tion on the activity coefficient of H, in the Fe— 
Ni system is discussed from the thermodynam- 
ic point of view. 

Alloy additions for stainiess steel N. G. Lind- 
berg (Tekn. Tids., 1960, 90, June 24, 699-702 
A Soistietion of the properties and applica- 
tions of the principal alloys, with particular 
reference to ferrochromes. 

Influence of cobalt on the properties of 
chromium steels D. Coutsouradis and L. 
Habraken (Rev. Mét. Mém. Sci., 1960, 57, 
July, 557-571) The effect of Co additions up to 
10% on C-Cr alloys was studied, the phases in 
equilibrium at various temp. being determined, 
both on these alloys and in 13, 15, and 27%Cr 
steels. Temper-brittleness at 475°C and the 
mation of pee was investigated, and the 
influence of Co additions on corrosion resist- 
ance in H,SO, and boiling HNO, was also 
studied 12 (refs). 

Influence of C, W, V and Mo on the proper- 
ties of 12Gr-12W-1V type hot nt ge steel 
N. Yamanaka, K. Kusaka, and M. Kitahara 
(Tetsu to Hagane, 1960, 46, March, 349-351). 

Vanadium in steel (Mech. World, 1960, 140, 
July, 285-286) The effects of V in steel are 
concisely summarized. 


Effect of P-addition on 

resisting steels. 11. Effect of P-addition on 

es of 19-9DL, GI8B and LON-155 
alloys N. Yamanaka, K. Kusaka, and A. 
Tonooka (J'etsu to Hagane, 1960, 46, March, 
388-390) Properties studied include the rup- 
ture strength and hardness.—x.B. J. 

Effect of Mo on the properties of 18Cr-12N 
stainiess steel R. Nakagawa and Y. Otoguro 
(Tetsu to Hagane, 1960, 46, March, 377-379) 
For steels containing Mo in the range 0-85- 
3-70%, data are given for ageing hardness, 
microstructural, tensile, and creep-rupture 
properties.—K.E. J. 


Soest t Y oo oeren S & bh C5Cr-W- 
Mo and High- —W- Mo steel punching 
dies 8S. Koshida and A. Inata (Tetsu to Hagane, 


1960, 46, March, 347-349) Data are given for 
the oil-quenched hardness and tempered hard- 
ness, and the abraded weight of specimens of 
given composition.—K.E.J. 

Effect of W on the properties of 18Gr—12N' 
stainiess steel] R. Nakagawa and Y. O 
(Tetsu to Hagane, 1960, 46, March, 375-077) 
For steels containing W in the range 1-91- 
5-45%, data are given for ageing hardness, 
microstructural, tensile, and creep-rupture 
properties. 

The effect of aluminium on the mechanical 

of carbon steels P. Fremunt 
(Hutn. Listy, 1960, 15, (6), 447-450) Optimum 
mechanical properties in carbon steels are 
obtained if the Al present, soluble in acid, 
exceeds 0-1%, but is less than about 0-3%. 
With higher Al contents the steel is embrittled. 

The influence of boron on the structural 
stability of weldable heat-resisting steels of the 
16/13 CrNi(W) type J. Lombardini (Zvdr. 
Sborntk, pet a, (ls, 51-70) [In 
Strength, stability, and creep 
improved by edditions of boron. In steels con- 

ing 3%W the optimum boron content is 
0-004%. The aoa a 4 of the steel was 
studied by ordinary igh temp. micro- 


i £-) 


properties of heat- 


scopy, and the structural changes occurring in 
the steel as a result of alloying and heat 
‘Carbon steel: semi-finished: ior 

3 : : hot 
rolied and cold finished bars: hot rolled ¢ éclorm- 
ed concrete rei bars (AISI Suppl. Inf., 
1960, Feb., pp.3) Supplementing the issue of 
July 1957. Tolerances of size, out of round, 
and out of square, thicknesses, and length are 


given. 

Alloy steel: semifinished; hot rolied and cold 
finished bars (ASI Suppl. Inf., 1960, Feb., 
pp.4) Additional to July 1955 and July 1958 
issues. Hardenability bands for three steels are 
shown. 

Austenitic manganese steels T. E. Norman, 
D. V. Doane, and A. Solomon (Mod. Castings, 
1960, 37, June, 73-86) The results of studies 
leading to the improvement of wear resistance 
and mechanical properties of cast austenitic 
Mn steels are presented. Modifications in 
composition and heat treatment were studied. 
The development of improved abrasion resist- 
ance in cast 12% Mn austenitic steel while 
retaining the high ductility characteristic of 
this type of steel, and the development of lean 
alloy austenitic steels which combine moderate 
ductility with markedly improved abrasion 
resistance are outlined. 

Choice, manufacture and economics cf a 
low-ailoy high-tensile structural steel W. ©. 
Beale (J. Austr. Inst. Met., 1960, 5, May, 38~ 
44) The author discusses a low-alloy high- 
tensile steel which has been developed con- 
forming to ASTM A.325 and equivalent speci- 
fications. The steel can be successfully pro- 
duced by balanced deoxidation methods using 
big-end-down moulds. Other economic aspects 
are also discussed.—«.F. 

A new cobait-modified high-strength steel 
Mellon Inst. (Cobalt, 1960, June, 25) An 
announcement of MX-2 which is a Co-modi- 
fied SAE 4137 grade for yield-strengths be- 
tween 225000 and 235000 psi: It is being pro- 
duced under the name of Unimach UCX2. Its 
composition is given. 

A new air hardening, graphitic-type tool and 
die steel D. J. Girardi (Met. Prog., 1960, 77, 
May, 102-104) Properties of a new steel 
‘Graph-Air’ developed by Timkin Roller 
Bearing Co. are described. It contains 0-2 
0-6% graphite after cooling from hot working 
or annealing, and it can be hardened to Rock- 
well C 60 in still air, at the centre of a 6-in 
round, It has good dimensional stability and 
resistance to wear. 

Study of non-magnetic manganese steels 
N. Yamanaka, K, Kusaka, and A. Tonooka 
(Tetsu to Hagane, 1960, 46, March, 449-451) 
The effect of Cr on the mechanical properties 
of 0-55C-18Mn-—3Cr steel, and of C on the 
properties of 8Mn-6Ni-—5Cr steel are shown 
graphically.—x.£.3. 

New hot work die steel has improved heat and 
abrasion resistance W. Wilson (Met. Prog., 
1960, 77, May, 107) Properties of ‘Shellex’, a 
hot-work die steel of the 3-5%Cr-Mo~V type, 
are described. 

High strength austenitic steels A. P. Gulyaev 
S. V. Lepnev, and Ya. M. Potak (Metallov 
Obra. Met., 1959, (1), 10-15) Experiments 
carried out on two series of heats, one with 
0-26%C and Ni from 20-9-28%, and the other 
containing 0-41%C and Ni from 16-8-23-6%, 
showed that high strengths (100-200 kg/mm ) 
combined with low yield points (20-40 kg/mm 
could be obtained in forged rods, hardened 
from 1 100°C and cooled in air. The mechanical 
properties depend mainly on the ability of 
austenite to transform to martensite during 
deformation, and on the resistance to fracture 
of the martensite formed during the tests. 
Tensile tests on Ni steels of the transient class 
containing 0-26%C have a high degree of 
plastic deformation (elongation up to 60%). 

Uranium, zirconium and cerium steels F. J. 
Marifias (Met. y Hlecir., 1960, 24, June, 224- 
227) A short comparison of the qualities, com- 
position, and uses of these three types of steel. 


, 


Studies on steels for iow uses. I. 
—Z properties 3-5%Ni steel. 


— properties of 9°,Ni steel 
H. Hirano, T. Kaneda, and I. Kokubo (Tetsu 
to Hagane, 1960, 46, March, 440-442; 442-444) 
I. Fracture energy-temperature curves are 
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given for steels of varying C and Al contents, 
and of aged specimens. II. Fracture energy- 
temperature curves are given for various types 
of heat-treatment,—xK.E.3. 

steel sheet 


Aluminium-killed deep-drawi 
A. Snedden (J. Austral. Inst. Met., 1960, 5 
May, 23-28) The author outlines the causes o 
ageing in low-carbon deep-drawing steel, and 
discusses the advantages of Y-treated or Al- 
killed steels. Means for producing and ini 
the desirable ‘pancake’ grain structure in Al- 
killed steel are given.—c.F. 


agp a in the production of notch 
ductile J. K. MaeDonald (J. Austral. 
Inst. Met., 1960, 6, May, 52-62) The methods 
adopted at Kembla works of Australian Iron 
and Steel Pty. for the production of semi- 
killed notch-ductile mild steel plates are des- 
cribed. Experimental work related to the 
development of a fully-killed, high-tensile 
weldable grade is also discussed.—a. F. 

Austenitic stainless steels: Thousands of tons 
in —300 to —426°F service J. H. McConnelland 
R. R. Brady (Chem. Eng., 1960, 67, July, 11 
125-128) A brief account with numerous 
graphical and tabulated date of physical and 
mechanical properties at low temp. 

Contem rustiess steels.M. L.. Guitton 
(Corros. Anticorr., 1960, 8, July—Aug., 262- 
281) A brief review of the extremely rapid 
development of rustless steels, followed by a 
study of 17 Cr steel and 18-10 steel. The 
characteristics of both, their structures, princi- 
pal treatments, and resistance to corrosion are * 
shown. The different processes of working, e.g. 
flanging, welding, pickling, polishing, and 
finishing, are doeeithuds and their numerous 
uses and the likely influence of the finished 
products in coming years are indicated.—s.H.-s 

Qualified approval for D-319 analysis 
austenitic chromium—nickel-molybdenum 
stainless steel NACE Techn. Unit Committee 
T-5A (Corrosion, 1960, 16, July, 319t) Com- 
ment is made on a proposed substitution of 
D-319 and D-319-L and austenitic Cr-Ni-Mo 
stainless steel for 316 and 316-L stainless steel 
under certain conditions. Approval is qualified 
by a request for adequate technical appraisal 
of the corrosion problems involved.—e.¥F 

Alphasil Richard Thomas & Baldwins Ltd 
(Ingot, 1960, June, 7-9) Properties of this Si 
steel for transformers and similar electrical 
uses are given with a brief illustrated account 
of the production plant. 

Coil ng research — new building opened at 
Sheffield (Jron Steel, 1960, 33, April, 145-146) 
The laboratories recently opened for the Coil 
Spring Federation Research Organization at 
Sheffield are described. 

The National Metaliurgical Laboratory at 
Jamshedpur M. PD. J. Brisby and J. Dobie 
(Iron Coal Trades Rev., 1960, 180, June 24, 
1423-1426) With notes on the research pro- 


gramme and on liaison and information 
services, 
METALLOGRAPHY 


alities and structures in steels and metats, 
influence of the geometric factor in their deter- 
mination G. Arregni (Met. y Electr., 1960, 24, 
June, 229-235) A review covering grain pattern 
as a factor of structure, the properties of 
structure, microscopical examination of materi- 
als, and analysis and modern methods of 


— of metals.—s. H.-s, 
polishing with 


he effect of 
diamond paste on the surface H. Klemm 
(Werks. Korros., 1960, 11, Aug., 474-478) 
Experiments are described in which fine dia- 
mond paste abrasive is classified according to 
the depth of Beilby layer produced. 
of electron m 8. Modin 
(Met. Treatment, 1960, 27, May, 177-188) 
Three types of low-carbon steel received the 
following heat treatments; partially hardened, 
fully hardened, hardened and tempered at 
between 200° and 600°C. The structures pro- 
duced were critically examined using the elec- 
tron microscope to resolve the structure, also 
used for diffractography to identify the car- 
bides. The structure was then correlated with 
the mechanical properties.—a.H.m. 


microscopy I. 
Hrivnak (Met. Treatment, 1960, 27, June, 225- 
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230: from Zvraranie, 1959, (9)) The author 
studies by means of electron microscopy the 
nature of the transition region in duplex welds 
between an austenitic and a ferritie steel. He 
shows that, through diffusion from both sides 
of the weld, the transition zone is bainitic in 
character. The author points out that such 
joints are unsatisfactory in service at elevated 
temp. because of instabiilty due to diffusion. 

Magnified 12,500 times 1). A. Pearson (Mod. 
Castings, 1960, 37, July, 38-39) A series of 
electron micrographs is given, showing 
malleable iron at relatively hig snification. 

Replica method for a surfaces 
Fulmer Research Institute (Machinery, 1959, 
95, Dec. 9, 1205-1206) The method can be used 
for specimens inaccessible to laboratory equip- 
ment. 


hot stage for 
. R. Speich and R. L. Miller 
(Rev. Sei. Instr., 1960, 31, June, 658-659) A 


specimen 4X4) im is used, resistance- 
heated and q hed with a jet of He in 
apparatus described. 
and inclusions in semi-killed 
steel T. Kato, J. Imai, and H. Kajioka 
(Tetsu to Hagane 1960, 46, March, 330-332) 
The variation of e silicate inclusions with 
the degree of deoxidation is shown, and the 
‘black spot index’ is shown to be in inverse 
proportion to the softening temp. of the reac- 
tion zone in refractories used.—-K.E.J. 
macroinciusion causes in steel 
castings deoxidized with aluminium L. H. Van 
Viack, R. A. Flinn, and G. A. Colligan (Mod, 
Castings, 1960, 37, March, 132-135) The work 
was carried out to find the source of corundum 
and siliceous glass in such castings. It 
was found to be due to (1) reaction of Al 
dissolved in liquid steel with ladle refractories 
and {2) the formation of drossy macroinclu- 
sions by a combination of reactions involving 
surface and subsurface air and fine eroded sand 


grains. 

Non-metallic inclusions in magnesium 
iron I. A. Shapranov and E. V. Petrova (Lit. 
Proizv., 1960, (5), 23-25) Investigations to 
determine the nature and origin of non- 
metallic inclusions have been carried out by 
introducing Mg in the form of a 10% alloy 
with ferro-silicon. The results, covering over 
140 melts, are tabulated. These show inter alia 
that with an increase in carbon content favour- 
able conditions are created for the elimination 
of non-metallic inclusions, The greatest - 
fc with inereased carbon content (3-8- 

-6%) is already present with a 2-3-2-5%S8i 
content. A further increase in the Si above 
3-5% results in the magnesium sulphides 
floating to the surface and distributing them- 
selves over a r volume, i.e. they me 
less compact. favourable effect of the 
increased carbon and silicon contents on the 
degree of elimination of non-metallic inclu- 
sions, especially graphite, is explained by the 
fact that an increase in the proportion of these 
elements in the original metal increases con- 
siderably the hite inclusions which form 
in the hot m before solidification, thus 
creating more favourable conditions for their 


psa ga and their more rapid floating to 
the surface. ial 

Czechoslovak investigations on the 
of rn inclusions and carbides in steels 
M. Sicha (Freiberger Forsch., 1958, (B26), 46- 
61) Composition and structure of isolated 
oxide inclusions in various steels are examined, 
and the close relationship of steel ity to 
the amount and form of the inclusions is 
established (23 refs). 

Reactions between refractories and moiten 
steel aluminium L. H. Van Viack 
and R. A. Flinn (Mod. Castings, 1960, 37, 
March, 136-145) The various sources of macro- 
inelusions in such a steel are summarized, and 
the interaction of Al dissolved in molten steel 
with ladle refractories is considered in detail. 

Investigations of particular of titan- 
ium- and ee on eneene in 


Paar and H. onde ry Bisenh., 1960, 1 


31 
July, 419-422) An investigation is described 
intc rose-coloured, rosette-shaped inclusions 
found in a sample of pig iron with the xi- 
mate composition: 4%C, 3-6%8i, 0°39 Mn, 








0-7%P, 0-05%8, and 0-40% Ti. Their structure 
is en in the light of diffraction studies 
(12 refs). 
influence of heat treatments on the carbide 
in chrome-molybdenum steels 
L. Backer, R. Bigot, and E. Herzog (Rev. Mét. 
Mém. Sci., 1960, 67, July, 527-534) Usi 
electrolytic isolation of the carbides follow 
by chemical and radiocrystallographic analy- 
sis, the distribution of alloy additions between 
the ferrite and carbide and the development of 
the carbide ph was investigated. It was 
confirmed that the Cr and Mo contents of the 
earbides varied considerably with the heat 
treatment. The effects of Al on the appearance 
of the Cr,5, type of carbide and on the exist- 
ence of a carbide y~MoC were studied (14 refs) 
of non-metallic inclusions in steels. 11. 
inclusions from rimmed 


Extract of 
the Klinger-Koch method Y. 





steel ingcts, 4 
Shimokawa, T. Fujii, and T. Yamamoto 
(Tetsu to Hagane, 1960, March, 337-339.) 

Study on the non- inclusions in steel. 
i. Non-metallic inclusions and carbides in 
bearing steels from several countries I. Uchi- 

ama and M. Ueno (Tetsu to Hagane, 1960, 46, 
March, 342-343) Comparisons are made be- 
tween six steels (British, American, and 
Japanese).—K.E.J. 

Pe Br the carbides in high speed steels by 

isolation. 1V. Effects of 

time and tempering on in 
high-speed 8. Koshiba 8. Kimura, and 
H. Harada (Tetsu to Hagane, 1960, 46, March, 
351-352) Both parameters are shown to 
increase the proportions of carbide in the steel 
and of W, V, and Cr in the carbide. The compo- 
sitions of carbides and matrix are given for the 
various treatments.—K.E.J. 

On the configuration of titanium sulphide in 
steel T. Saito (Tetsu to Hagare 1960, 46, 
March, 335-337) The occurrence of TiS is 
studied from photomicrographs, electron 
micrographs, and X-ray diffraction pat‘erns. 


electron 

nitride inclusions in steel S. Hasebe (Tetsu to 
Hagane, 1960, 46, March, 332-335) Replica 
methods are used to establish the shape of AIN 
particles in normalized and slow-cooled carbon 
steels and a heat-affected welding zone (11 


refs). 

on the change of FeS into Mn& in 
steels by heating K. Hosoda, T. Morishima, and 
T. Sakai (Tetsu to Hagane, 1960, 46, March, 
329-330) Data are given for the increase in the 
ratio (S as MnS)/(total 8) with hot-working at 
1 200°C and with heating up to 1 200°C. 

A study of the precipitation of vanadium 
carbide in low alloy boiler steel in the 
— P. Duhaj and F. Krélik (Zvdr. tk, 
1960, 9, (2), 224-239) [In Slovak] The most 
important factor influencing the mode of 
austenite decomposition in Cr-V boiler steel 
in the 600~-700°C was found to be the 
V/C ratio. With values of this ratio in excess of 
0-88 the decomposition product is ferritic, 
while with V/C less than 0-54 the structure is 
ferritic—pearlitic. The kinetics of the ti 
were studied by micrography and electron 
diffraction.—P. F. 

Effect of microseparations in steel on the 
detection of inclusions and on the 
after cold G. H. Boss (Non- 
destr. Test., 1960, 18, July—Aug., 237-241) 
Microseparations are defined as discontinuities 
in the inclusions or at the inclusion-metal 
interface. It is demonstrated that micro- 





ions do not appear to p from the 
inclusion to the metal, thus they have no 
effect. 
copper: ng 
steels. 1. Effect of alloying elements on precipi- 
ng copper 
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cooling rate and of tempering steel are 


studied. 
limits of aluminium nitride in 
and ferrite regions S. Nagata, T. 
Sugiyama, and K. Kato (Tetsu to Hagane, 
1960, 46, March, 412~414),—x«. 8.3. 

Effect of Ni and Cu on carbide precipitation 
of solution-treated austenitic manganese steel 
Y. Imai, T. Saito, and I. Nakazawa (Tetsu to 
Hagane, 1960, 46, March, 451-452). 

The effect of arsenic on the crystallization of 
iron Ya. N. Malinochka and A. 1. Yatsenko 
(TAt. Proize., 1960, (6), 29-32) With the intro- 
duction of the Kerch arsenical ores the effect of 
As on the crystallization of iron assumes con- 
siderable importance. The effect of As on the 
crystallization of the Fe—-C-—Si alloys has been 
studied and preliminary tests on the annealing 
of arsenical white irons has shown that As 
speeds up mnie | the first stage of 
graphitization but inhibits the formation of 
ferrite. Even with small As contents the 
quantity of structurally free ferrite in the 
metallic matrix of the sulphur iron is appreci- 
ably reduced. With increasing As contents, 
pearlite is formed even in the slow cooling of 
castings. 

Structure of the boundaries of ferrite grains 
V. N. Gridnev (Metallov. Obra. Met., 1959, (1), 
19-25) Photomicrographs of some types of 
structures of boundary interlayers are repro- 
duced which occur in commercially pure iron 
(0-1%C) and low-alloy ferrite, and the kinetics 
of formation and decomposition of boundary 
layers are discussed. It is shown that inter- 
layers form around ferritic grains at temp. at 
which diffusion of surface-active admixtures is 
large enough; both during short- and long-time 
holding of an alloy in the range of sub-critical 
temp. The alloys investigated were binary 
synthetic alloys of Fe with 1%Ni, 2-5%Mn, 
2-5%Cr, 0-42%+, 0-71%Mo, 1%Nb, and 
0-02%C. The mechanism of formation of the 
interlayers is discussed. 

On the structure of grain boundaries 1. 
Hrivnaék (Zvdr. Sbornik, 1959, 8, (4), 528-542) 
{In Slovak] Current theories concerning the 
structure of grain boundaries are reviewed. 
Results are given of an electron microscopical 
study of grain boundaries in several frequently 
used austenitic and ferritic steels. In austenitic 
steels sigma-phase formation, carbide precipi- 
tation and sarbon diffusion take place prefer- 
entially at grain boundaries. Carbon diffusion 
in ferritic grains of weld zones, and along 
boundaries of pearlite grains was also studied. 

A study of n boundaries in iron and low 
carbon steels L. Hrividk (Hutn. Listy, 1960, 15, 
(6), 432-441) Plural boundaries in ferritic 
grains were studied by etching and electron 
microscopy. The boundaries are not artefacts, 
but appear to consist of networks of disloca- 
tions.—P.¥F. 

Theoretical of duplex-grain struc- 
ture G. Mima, T. Kawai, and Y. Ogino (Tetsu 
to Hagane, 1960, 46, March, 410-412).—«.8.5. 

of zation textures ia 
irons of of purity P. Coulomb 
and P. Lacombe (Rev. Mét. Mém. Sci., 1960, 
67, Aug., 573-577) Armco type irons (99-5%) 
differ from pure iron (99-9%) by an exagger- 
ated grain growth occurring in the former after 
severe reduction by rolling. This occurs in two 
stages—secondary recrystallization, and ter- 
tiary recrystallization where all secondary 
crystals are absorbed. The mechanism of this 
two-stage process is discussed, and compared 
with that in pure iron, where grain growth 
takes place normally. 

Anomalous changes in the jes of 
alloys during phase M. E. 
Blanter and A. K. Mashkov (Metallov, Obra. 
Met., 1959, (1), 6-10) The presence of anomal- 
ous changes of electrical resistance and plastic 
deformation duri phase transformations 
was established by investigations of electrical 
resistance on a steel containing 9-18%Cr, 
0-02%C, 0-16%Mn, and 0-19%S8i. Anomaloun 
changes in plastic deformation during trans- 
formation were studied by measuring the hard- 
ness of an alloy with 0-06%C, 22-15%Ni, 
2-52%Mn, and 0-047%Si. The changes ob- 
served—increase of both properties—occur 
during the period of intensive transformation. 

The effect ¢ of the of cast iron on 
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tendency 0 -guanitention A. A. Zhukov 
. Proizv., 1960, (3), 24-26) The effects of 
i, Mn, 8, P, Cr, and Ni have been studied with 
regard to the graphitization mechanism. In a 
number of cases the powerful effect of a small 
addition of inoculating agents is a function of 
the changes in the surface tension at the inter- 
phase 


es 


boundaries and of the deactivation of 
nuclei because of the separation on their sur- 
faces of inactive phases. Inoculation with Mg, 
for example, changes the geometrical para- 
meters of the graphitization process: in 
spheroidal form, in particular, a considerably 
greater number of eutectic colonies are needed 
to secure the diffusion of the spheroidal 
graphite through the entire volume of the 
metal. 
The effect of electron bombardment on the 
hitization of white iron I. M. Pronman 
Lit. Proizv., 1960, (4), 30-34) The series of 
tests here described represents a first attempt 
at werner gn 3 the action of electron bom- 
bardment on white iron in order to determine 
the effect of high energy electrons on phase 
transformations. Investigations were carried 
out by metallographic, X-ray, and thermal 
analysis and by measuring microhardness and 
electrical resistance. Although further investi- 
tions are needed, some interesting results 
ee been found, for example, that experi- 
mental electron bombardment in vacuo shows 
that after 2 h at 600-620°C cementite is sub- 
jected to decay during which graphite crystal- 
fon intensely. This bombardment, it appears, 
could also be used for practical purposes, i.e. 
for the preparation of high quality irons. 
Studies of isothermal bey of 
supercooled y. Cias race Inst., 
1960, 12, (2), 61-78) The author characterizes 
the changes in supercooled austenite and des- 
cribes the apparatus used for investigating its 
isothermal changes. The heating arrangement 
and thermostat gives temp. variations less 
than +2°C and the whole apparatus is said to 
be simple in operation. e author gives, 
among other results, the effects of a magnetic 
field on the transformation. It was found that 
in the e 1000-4500 Oc the magnetic field 
had a negligible effect. 


The exyetatiogrege of martensitic trans- 
formations B. A. Bilby and J. W. Christian 
(JISI, 1961, 197, Feb., 122~131) [This issue}. 

On a new mechanism of the isothermal de- 

austenite J. Cadek and 
K. Tykal (Hutn. Listy, 1960, 15, (6), 450-455) 
The isothermal decomposition of austenite in 
steels containing 0-5-0-6%C, 12-5%Cr, and 
3-5-5%W begins at 650°C with a eutectic 
transformation associated with a decrease of 
the carbon content in the untransformed 
austenite. This results in the eventual cessa- 
tion of the eutectic reaction and the remaining 
austenite decomposes, with precipitation tak- 
ing place in the ferrite formed. The mechanism 
of the entire process was studied, and is des- 
cribed in detail.—P.F. 

The non-uniformity of cementite A. N. 
Rozanov (Lit. Proiev., 1960, (5), 33-34) The 


findi of the investigations here reported 
show that hitization nuclei form always at 
the bo ies between the solid solution 


(austenite, ferrite) and cementite, but not by 
way of direct decomposition of the cementite 
as is usually accepted but by the diffusion of 
the carbon through the cementite grain 
towards its boundaries with the solid solution. 
Analysis of the of marten- 
sitic transformations by of prism 
B. A. Bilby and F. C. Frank (Acta 

Met., 1960, 8, April, 239-248) A method of 
analysis of the crystallographic features of 
martensitic transformations is described in 
which the matching of triangular prisms 
formed by lattice lines in the two structures is 
considered. As an illustration of the theory a 
detailed application to the martensitic trans- 
Seruansitin cbevr vel in an iron-nickel alloy by 
Greninger and Troiano is presented. The 
authors compare the method with equivalent 
techniques and discuss its “cag enn a 

effect of hydrostatic pressure on 

ton of martensitic embryos L. Kaufman, 
A. Leyenaar, and J. 8. Harvey (Acta. Met., 
1960, 8, April, 270-272) Experiments are 
reported demonstrating the possibility of pro- 


ducing irreversible effects in metals by high- 
pressure treatment, lending support to the 
thesis that martensitic nucleation is con- 
trolled by the potency of embryos having the 
martensitic structure and existing at temp. 
where the austenite has the lower bulk chem- 
ical free energy. It — that hydrostatic 
pressure can decrease the embryo size leading 
to a lowering of Ms, even when the pressure 
during the transformation itself is atmospheric. 
of ma phase in a 

in electric arc I. Wacht- 
meister (ESAB Rev., 1959, (4), 1-13) [In 
French] 19-9 steels with or without Mo were 
studied. Sigma-phase appeared after 30 h at 
760° or a week at 650° and was accelerated by 
cold-work. Mo, Cr, Nb, and Si favour sigma 
formation. It redissolves by tempering at 950- 
1050°C when ferrite content is also reduced. 
Brittleness and corrosion are also considered. 

The effect of austenitic size and tem- 
Ce ee eS formation J. 

‘ord and W. 8. Owen (JISI, 1961, 197, 
Feb., 146-151) [This issue] 

A new phase in a silicon-bearing 17 per cent 
cheousiadh, 6 per coat tithel onl 1 lor cout 
niobium steel M. J. O’Hara, D. Wilkinson, and 
R. T, Allsop Nature, 1960, 187, July 30, 407- 
408) X-Ray data are given for an unidentified 
tetragonal phase high in Nb with some Cr. 

Long-range order in Fe rich Fe—Ai alloys. |. 
A zeroth approximation caiculation of order 
with diagram P. 8. 
Rudman (Acta Met., 1960, 8, May, 321-327) A 
quasi-chemical description is shown in which 
long-range order in Fe rich Fe—Al alloys re- 
quires two independent order parameters and 
at least second-neighbour bonding. Defining 
equations for order are obtained using the 
zeroth approximation; and the transforma- 
tion temperature consequences of the calcula- 
tion are employed in evaluating experimental 
data, and a revised version of the Fe—Al phase 
diagram is arrived at. For compositions greater 
than 25 at %Al the onset of Fe,Al type order is 
approximated by the independent ordering of 
a simple cubic lattice to a NaCl structure, but 
at an effective composition depending on the 
perfection of the FeAl type order. From the 
experimental values of the transition temp. at 
the composition Fe,Al it is calculated that the 
ratio of the second to the first neighbour 
interchange energies is about one-half, whether 
or not third neighbour bonds are considered. 

fron—cerium F. Gaume-Mahn (Rev. 
Mé#. Mém. Sci., 1 , 57, 638-642) The struc- 
ture and electrical resistance of a series of Fe— 
Co alloys in the range 0-28°% Fe are examined. 

The ternary system iron-zinc-carbon H. H. 
Stadelmaier and W. K. Hardy (Metall., 1960, 
14, Aug., 778-779) The Fe corner of this system 
was investigated in the isothermal sections at 
850° and 600°C. The occurrence of primary 
graphite at the composition Fe,ZnC leads to the 
conclusion that the ternary carbide of this 
composition is an incongruently melting com- 
pound. 


Metallic C. W. Brewer (Chem. Eng- 
Min. Rev., 1960, 52, May 16, 52-55) Basic 
theory is stated, mostly in terms of the gal- 
vanic series. 

Inhibition of corrosion in neutral and alkal- 
ine solutions. 1! K. F. Lorking and J. E. O. 
Mayne (J. Appl. Chem., 1960, 10, June, 262- 
266) Evidence is found that immersion of a 
surface of iron carrying a film of air-formed 
oxide is immersed, the film is attacked at weak 
points, which are then . This occurs, 
though to a lesser extent, in inhibitive solu- 
tions. The initial rate of attack appears to 
control subsequent behaviour. The controlling 
process may not be electrochemical. 

Cases of corrosion damage from practice, and 
their importance H. Schmeken (Mitt. For- 

. Blechverard., 1960, (8), April 20, 
102-106) Several examples of pitting, scaling, 
and other types of corrosion are des- 
discussed 


cribed and 6 

Corrosion by cold water, hot water and steam 
(Mitt. For . Blechverarb., 1960, April 
20, 87) A brief note on the scope of a confer- 
ence on this subject held in Siegen on 21 Oct. 
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1959, dealt with in more detail in the following 
abstracts. in 
warm water mts E. Schumann 
(88-95) Influence of water composition, corro- 
sion-resistant materials for the containers, 
corrosion-resistant paints and other coatings, 
cathodic protection and water treatment for 
plants in which the water is heated up to 
95°C are discussed. Gorresion and corrosion 
protection in warm water- and steam-raising 
plants H. Ladeburg (95-102) VDI recom- 
mendations 2034 on the corrosion protection of 
steam-raising plants and VDI recommenda- 
tions on seale and corrosion protection in hot 
water plants are discussed with examples. 

Corrosion and metai wastage on the fiue gas 
side of boiler pliant W. D. Jarvis (Brit. Power 
Eng., 1960, 1, June, 81-85) An illustrated 
review of high and low temp. corrosion with 
notes on methods of prevention. Basic refrac- 
tory additives were not effective. 


Pitting corrosion causes electroplate break- 
down D N. Flint (Ind. Fin., 1960, 12, May, 
48-51) The author discusses the mechanism of 
pitting corrosion in Ni-Cr plating, pointing out 
that it arises ,from electrochemical action 
rather than —— or other defects in the 
coating. Methods of improving resistance to 
pitting corrosion are discussed.—«. F. 

Salt refinery corrosion caused by varying 
ev conditions J. M. Turnbull (Corro- 
sion, 1960, 16, July, 11-16) The author dis- 
cusses the effect of temp., pH, and different 
operating conditions in multi-effect 'NaCl 
evaporators. The corrosion rates achieved in a 
series of tests with various metals are listed. 


R corrosion mpy 
achieved by chromate water treatment W. A. 
Hess (Corrosion, 1960, 16, July, 18-21) The 
author describes water treatment tests con- 
ducted to control corrosion at a refinery’s 
catalytic reformer. Corrosion rates obtained in 
proprietary chromate and phosphate systems 
are compared.—«.F, 

Stresses in . carey corrosive en- 
vironments W. H. Funk (Met. Prog., 1960, 77, 
May, 71-75) The use of steel plate clad with 
stainless steel in pressure vessels used at ele- 
vated temp. is discussed, and it is shown that 
the complex stresses produced are not detri- 
mental under service conditions. 

—— diftusion corrosion problems in a 
fi catalytic cracker and = E. F. 
Ehmke (Corrosion, 1960, 16, y, 246¢-—252t) 
An account is given of corrosion problems 
encountered in a fluid catalytic cracker and 
gas plant after a 19000 h run. Hydrogen 
blistering is discussed in detail.—a. ¥. 

Advances and experiences in the use of 
ne steels J. Class and H. 
Griafen (Werks. Korros., 1960, 11, Sept., 529- 
547) Different types of corrosion-resistant 
steels, their — and applications are 
reviewed, incluling a description of some 
unusual cases of corrosion of 13 and 17%Cr 
steels. Low-temp. properties and resistance to 
stress corrosion of austenitic Cr-Ni—Mn steels 
are discussed (25 refs). 

Corrosion of superheaters and reheaters of 

coal-fired boilers W. Nelson and C. 

in jun. (Trans. ASME J. Eng. Power., 1960, 
82A, July, 194-201, discussion 201-204) A 
review of the location of corrosion in 26 plants 
with studies of the deposits and mechanisms of 
corrosion, and suggesting remedies. Corrosion 
by complex sulphates, especially of stainless 
steel, is considered at length. 





Pitting of Diesel cylinder linings H. H. 
Collins (Dil Eng., 1960, 27, Mid. Feb., 268-271) 
The nature and distribution of pitting are des- 
cribed and mechanism is dared: B appears 
to be caused by a form of cavitation which ha 
been shown to be essentially a corrosion and 
not an abrasion process. 

Corrosion and incrustation of water mains 
M. Pourbaix and F. Vandervelden (Bull. 
Cebedeau, 1958, Aug.-Sept., 256-264) The use 
of different types of protective coatings on 
various mee meg he = metal and non-metallic 
water pipe-lines, ipal and seco: » 
is described, and the A pave: ech and effects 
of corrosion are considered.—s. H.- 8. 

Stress corrosion D. Van Rooyen 
(J. Blectrochem. Soc., 1960, 107, Aug., 715-716) 
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corrosion of steels for aircraft and 
pn gl gate he Bet Loginow 
(Corrosion, 1960, 16, July, 325t-335t) The 
authors have conducted stress 
corrosion tests on alloy and stai steels for 
aircraft and missiles, and have examined the 
poereyadc treatment and protective coat- 
ings. results are quoted as a guide to 
offective utilization rather than as a direct indi- 
cation of expected performance. The possible 
mechanism of stress corrosion cracking is dis- 
cussed.—-G. F. 


Comparative stress-corrosion behaviour of 
some ego steels P. P. Snowden (JISI, 
1961, 197, Feb., 136-141) {This issue}. 

The attack of iron-saturated zinc melts on 
chromium- and nickel-containing iron D. 
Horstmann (Arch, Hisenh., 1960, 31, July, 
405-410) The critical temp. range, in which 
attack on soft iron immersed in a Zn bath is 
intensified and obeys a linear attack-time law, 
is increased by alloying the iron with Cr or Ni. 
Above and below these temp. ranges the attack 
follows a parabolic time law, This behaviour is 
related by metallographic examination to the 
structure and behaviour of the Zn-Fe alloy 
MR tastalges tor sommpiity colte tapers’ ans 

ue sampling o a 
brittle materials for snlcredifiraction A. M. 
Adams, M. A. Silva, and V. M. Spiers (Nature, 
1960, 186, April 9, 147-148) Material is loosen- 
ed with a diamond point and the debris incor- 
porated in the plastic replica. 

Metal oxidation and surface structure T. B. 
Grimley (Discussions Farad. Soc., 1959, (28), 
223-228) Oxygen chemisorption on p-type and 
n-type surfaces are considered. In both cases 
a potential across the film as required by 
Mott's theory of film growth would be present. 

The kinetics of wiistite scale on 
iren W. W. Smeltzer (Acta Met., 1960, 8, June, 
377-383) The kinetics of scale formation on 
iron in CO, have been determined in the range 
of 600-1100°C. Identification of the scale 
constituents by X-ray and microscopical tech- 
niques showed that wiistite was the sole con- 
stituent at high temp., whereas wiistite formed 
on duplex scale with magnetite at temp. below 
the Curie point of iron for the experimental ex- 
posures. Linear sealing was determined by incor- 
poration of oxygen into wiistite at temp. below 
910° and by dissociation of CO, and incorpora- 
tion of oxygen into wiistite at higher temp. The 
theoretical temp. coefficient of the parabolic 
rational rate constant for wiistite formation 
was evaluated over the temp. range of its 
stability. Results from the literature on para- 
bolic oxidation of iron at 1 atm pressure were 
in good agreement with this evaluation. The 
temp. coefficient of the parabolic constants for 
oxidation of iron in CO, was smaller than the 
theoretical coefficient because the activity of 
oxygen in wiistite was insufficient for formation 
of magnetite.—s.H.- 8. 

On the origin of the processes of nucleation in 
the reactions of the superficial o: of 
metals J. Bénard (Acta Metallurg., 1960, 8, 
April, 272-273) {In Frenth] A review with 
20 refs.—s.u.-8. 

Microtopology of the surface reactions of 
ee ee eee 
Gulbransen and T. P. Copan (Discussions 
Farad. Soc., 1959, (28), 229-233) An electron 
optical study of localized erystal growth on 
pure Fe in pure O, or pure H,O vapour at 
400°C was made. Whiskers on annealed iron or 
platelets on cold-worked iron were formed, and 
thin platelets in moisture exposures. The 
effects of crystal imperfections are deduced 


iedeeted Sent Sine seorinntion nomena 
is produced containing Cr, Al, or Si; 
pt renee: of the oxides of these 
elements are said to yn Boag yo 
Effect of pH on at elevated 
eee. >. Dawe un,J.D. Sudbury, and M. 
utchison (Corrosion, 1960, 16, June, 260t— 
264t) Test results are presented showing that 
the oxygen corrosion rates of mild steel in 
brine are generally increased with increasing 
oxygen pressure and decreasing pH value. 


oxidation of iron M. G. Morozov and Soong 
Chia-shu (Acta Sei. Naturalium, 1958, (1), 99— 
105, from Sci. Abs. China, Techn. Sci., 1958, 
(2), 159) Tests indicating that Si and W 
pe seed greatly decrease oxidation rate are 
erred to. The addition. of 2-3%Si to a 5%W 
steel reduced the oxidation rate at 800°C to 
one-fifth or 30% less than silicon-iron. 
Adherence of scales on steel M. Ono (Tetsu 
to Hagane, 1960, 46, March, 320-322) An 
experimental apparatus gives results showi 
that sealing produced between 900° an 
1000°C has the greatest strength of adhesion 
to the steel. Microstructures of scales produced 
at 900° and 1100°C are identified as to their 


chemical constituents.—K.E. J. 

gg 2 er a compound for 
the treatment of steels North 
American Aviation Inc, (Aircraft Prod., 1960, 
22, July, 242-243) Tests with a range of pro- 
prietary compounds are reported. 

~spray test A. Kutzelnigg (Werks. 
Korros., 1960, 11, Sept., 547-551) Owing to its 
lack of reproducibility and accuracy, the salt- 
spray test cannot be regarded as a good general 
corrosion test method, Twenty-two variables 
governing the test results are discussed. 

m tests on nickel-piated sheet of 
killed and rimmed steels E. Raub, A. Disam, 
and G. Schmidt (Werks. Korros., 1960, 11, 
Sept., 554-563) Influence of the base metal on 
the effectiveness of electrolytic Ni deposits has 
been examined on a number of different steels. 
It is concluded that killed steel can be Ni- 
plated with the same corrosion protection as 
rimmed steel. 

Measurement of the aggressiveness of soil H. 
Goldstein (Bull. Cebedeau, 1958, Aug.—Sept., 
252-256) The action of soils upon metal and 
concrete pipes that transport water, gas, and 
oil over long distances is reviewed. Forms of 
analytical tests are presented and results are 
explained.——s. H.-s. 

Researches on the influence of the permea- 
bility of soils by air upon the corrosiveness of 
these soils J. W. Boon (based on the observa- 
tions of J. F. Bogtstra) (Bull. Cebedeau, 1958, 
Aug.-Sept., 248-251) A series of tests is des- 
cribed, with six detailed tables giving varied 
results on diverse soils in nine-different loca- 
tions.—-s. H.-s. 

Measurement of water attack M. E. Leclerc 
(Bull, Cebedeau, 1958, Aug.—Sept., 241-247) 
Various forms of corrosion by water are 

rted upon and reviewed, and the work of 
Tillmans, Pourbaux, Langelier et al. is referred 
to. The use of revolving corrosion meters is des- 
cribed and Dutch limestone experiments are 
noted.—s.H.-8. 

The influence of micro-climates on tests for 
at corrosion A. Hache (Corr. Anti- 
corr., 1960, 8, July—Aug., 256-261) Corrosion 
tests made in different countries (on a world 
seale as well as in the interior of France) have 
shown that atmospheric corrosion is closely 
linked to climatic conditions in the es 

i i rk of 





Oxidation mechanism at elevated tempera- 
tures of austenitic 18%Gr-8%Ni steel J. 
Bénard, J. Hertz, Y. Jeannin, and J. Moreau 
(Rev. Mét. Mém. Sci., 1960, §7, May, 389-394) 
The rapid and transitory acceleration of oxida- 
tion observed with steels containing Cr or Al 
after a certain time of exposure to the air at 
high temp. is examined for the case of 18-8 
steel. It is concluded that the Cr appears to be 
responsible for the high resistance to oxidation 
during the initial period, while the Ni does not 
seem to play an important part in oxidation. 


ce dered. Tribute is id to the wo 

BISRA (1930-1935) under Dr J. C. Hudson, 
and its tests are quoted and compared with 
those at St Denis, St Germain, and Biarritz. 
Four thousand tests of steel covering 24 differ- 
ent degrees and carried out in 11 stations in the 
North and South of France confirm Hudson's 
ings, and the great range of figures reveals 
the influence of nicro-climates (the variation of 

climatic conditions over metres of distance). 
Corrosion tests on materials in flue 
from oil firing M. Haneef (J. Inst. Fuel, 
960, 33, June, 285-294) The tests were made 


Journal of The Iron and Steel Institute February 1967 





on boiler plant examining Cor-Ten, stainless, 
carbon steel, and cast iron (normalized and 
annealed), which were found to be resistant to 
corrosion in that order. Effects of machining 
and of direction of impingement were also 
examined. Corrosion was proportional to 
surface temp. 


Effect of composition and heat treatment on 
the stress corrosion cracking of austenitic 
stainless steels E. E. Denhard jun. (Corrosion, 
1960, 16, July, 359t-369t) The author des- 
eribes a grooved, tensile type, accelerated 
stress corrosion test used for determining the 
susceptibility of austenitic stainless steel to 
stress corrosion cracking. Results are presented 
and the effects of composition and heat treat- 
ment are considered, The possible mechanism 
of stress corrosion cracking is discussed.—c.F. 

Tendency of stainless steels towards inter- 

ine 





47-52) A microstructural investigation of the 
dependence of the phase state of three stain- 
less steels on variations of heat treatment 
showed a relationship between structure and 
corrosion stability. The metallographic tech- 
nique used is described and the results dis- 
cussed 


Stress corrosion screening tests of materials 
for steam ere tubing in nuclear power 
plants D. E. White and E. G. Johnson (Corro- 
sion, 1960, 16, July, 320t-324t) The authors 
have tested several different nuclear wer 
plant steam generator tubing materials for 
their susceptibility to chloride stress corrosion 
cracking. The results are compared and 
tabulated. 

at carbon-metal contacts T. K. 
Ross and A. H. Morshedian (Trans. Inst. 
Chem. Eng., 1960, 38, April, 43-45) Measure- 
ments on 18-8 steel and three non-ferrous 
alloys were made. Corrosion is controlled by 
O, availability. 

Boiler model tests of materials for steam 

enerators in pressurized water reactor eee 
‘. Howells, T. A. McNary, and D. E. White 
(Corrosion, 1960, 16, May, 241t-245t) the 
authors have evaluated various materials on 
the secondary side of boiler models simulating 
pressurized water nuclear power plant. Atten- 
tion is given to problems involving stress corro- 
sion cracking, particularly of type 347 stainless 
steel tubing.—«.F. 

Reaction velocity in the corrosion of iron by 
h nm sulfide and the effect of inhibitors 

G. 8S. Gardner (Corrosion, 1960, 16, July, 312t 
318t) The author has studied the rate of reac- 
tion of iron and H,S in an oxygen-free system 
in the presence of NaC! brine, in the presence 
and absence of an oil phase, under a constant 
mixing rate, and at temp. of 40° and 80°C. The 
effect of corrosion inhibitors has also been 
investigated, and the possible mechanism of 
inhibition is discussed.—e. F. 

Effect of chromium depleted surface on 
corrosion behaviour of 340 stainless steel 
R. V. Trax and J. C. Holzwarth (Corrosion, 
1960, 16, June, 271t-274t) The authors discuss 
the effect of surface Cr depletion on atmospher- 
ie corrosion, and descri a bench test for 
rapidly detecting this surface condition. 
Methods of overcoming the condition in type 
430 stainless steel are discussed.—c.F. 


Oxygen transport and steel corrosion by 
sodium—vanadium oxide L. B. Johnson jun. 
(Ind. Eng. Chem.; 1960, 52, Aug., 55A-56A) 
Trials on a synthetic ash simulating that of 
residual oils are reported with a view to the 
protection of gas turbines. In thermal cycling a 
Na,O-V,0, mixture gave off O, periodically 
and corrosion of steels was drastic by the 
transport of atmospheric O, through the fused 
salt layer. The problem of V,O, is not yet 
solved though many inhibitors have been 
suggested. 

Deterioration of gasholders—cause and 
electrochemical! re K. G. C, Berkeley 
(Corros. Techn., 1960, 7, April, 111-113) 
Various factors leading to gasholder corrosion 
are reviewed, and the Belgian cathodic protec- 
tion practice is outlined. 

Intergranular and at 
tests on non-stabilized 18/ 
weided plate 0-085 °C V. Prosenc and P. Stular 














(Varilna Tech., 1958, 7, (3-4), 41-44) Labora- 
tests have proved. that 18/8 unstabilized 
steel plate, of about 0-085%C type UGINE NS 
for welding tanks in the milk industry elimin- 
ates chromium carbides at about 700°C. 
Manual arc-welding using clad electrodes and 
manual are welding in an nm atm ere do 
not eliminate the carbides and are followed by 
inte ular corrosion. In addition no bend- 
ing of test specimens in the corrosive medium 
nor consequent stresses or cracks were ob- 
served. Tests proved these clean and highly 
polished welds to be impervious to atmospheric 
corrosion and to lactic acid. 
A study of corrosion phenomena in 
and austenitic-ferritic stainless 
steels. 11. Chemical methods L. A. Rubio Felipe 
and M. A. Guillén Rodrigo (Inst. Hierro Acero, 
1960, 13, April-June, 610-616) The action of 
boiling 65 HNO, solution, sulphuric acid at 
various temp concentrations, and a sul- 
phuric acid (copper sulphate solution at 104°C 
upon samples of an 18/8/2 and a 20/8/2-5 type 
stainless steel was studied. Stress-corrosion 
tests in boiling 60% MgCl, solutions were also 
made. It was found that the results were coin- 
cident with those obtained by electrochemical 
methods reported previously. The corrosion 
resistance is a function of the content of passi- 
vating elements; the existence of two phases in 
equilibrium does not alter this fact. The two- 
phase steel withstood the stress-corrosion test 
well, the single-phase steel showed marked 
transcrystalline corrosion. The ferrite in the 
two-phase alloy hinders propagation of the 
cracks initiated in the austenite. The two- 
phase steel, furnace cooled from 800°C also 
withstood the corrosion tests well.—P.s. 
Influence of the silicon in cast iron on corro- 
sive wear RK. Graham, ©. 8. Prado, M. H. 
Collins, E. A. Brandes, and H. K. Farmery 
(Found. Trade J., 1960, 108, June 30, 805-811) 
An account of work on cylinder liners of 
Diesel engines and of corrosion tests on a series 
of irons of varying Si content but controlled 
similar structures is given. The work was done 
on iron with fully pearlitic structure and large 
graphite flakes only. Various other studies that 
would be desirable are indicated. 


Laboratory methods for the determination of 
the velooity of eorvesion in the nce of heat 
flow A. O. Fischer and F. L. Whitney (Acciaio 
Inossid., 1960, 26, (5), 226-228) The results of 
tests on an iron tank used for the preparation 
of salt are described and illustrated graphically 
and compared with tests on stainless steel type 
316 in presence of 77% phosphoric acid 
was found in the case of the iron tank that at a 
salt temp. of 300°C there was a substantial 
increase in the speed of corrosion by heat flow 
of between 24500-32600 keal/m*h. As a result 
of the test on stainless steel studying the influ- 
ence of the wall temp. in the presence of 
various acids it was concluded that the speed 
of corrosion in the presence of thermal flow 
depends in general on the wall temp. and not 
on the quantity of heat which passes through 
the metal. 


Accelerated corrosion testing Fran 

(Plating, 1960, 47, June, ow aie The nn 
y test is a useful accelerated corrosion test 

it pe properly used. Significant details of the 
historical development of the test are given. 
Plans to use standardized test panels in order 
to obtain more accurately correlated outdoor v. 
indoor exposure results are outlined. 

Correlation of outdoor exposure, service and 
accelerated tests on chromium 
work R. B. Saltonstall and D. R. Millage 
(Plating, 1960, 47, June, 637-644) This article 
describes controlled mobile tests carried out in 
order to establish correlation between static 
exposure, mobile testing, and service life in the 
light of the superiority of some plating systems 
in some static ex res and accelerated tests. 
The conclusions were (1) The Cass and Corrod- 
kote as well as static roof e were all 
much more severe on the 1-0 « bright nickel 
plus 0-01 » chromium than one winter on the 
mobile test sites. (2) Neither the Cass, Corrod- 
kote, nor static roof 6 re suggested that 
the effect of 0-03 mil HT-HR Cr at the end of 
one year’s service ex would be harmful 
com with 0-01 mil conventional Cr on 
1-0 mil bright Ni. (3) The marked superiority 


of the composite nickel coati which was 
with an equal shickness of ee i whic 
apparent in the tests was 
apparent in roof exposure. The mobile se 
sure results for both of the of these systems however 
showed very little deterioration in one winter 
exposure and longer mobile exposure tests are 
needed to determine comparative performance. 

How boron affects corrosion of type 304 
Stainless J. W. Farrell and P. C. Rosenthal 
(Met. Prog., 1960, 77, Feb., 101-103) B was 
found to reduce intergranular attack in boiling 
65%HNO,, but did not provide complete 
imraunity. Results obtained with various B 
additions are reported and discussed. 

The effect of composition and structural con- 
dition on the resistance of 18-2 chrome-nickel 
steels to electrochemical attack G. Newcombe 
be Secon, ps 1960, 61, March, 107-112) The 

fi of 1 composition on the per- 
cuntage of delta-ferrite present in the micro- 
structure of 18-2 Cr—Ni steels is discussed and 
has been related to the factor of corrosion 
resistance. An investigation into the failure of 
two pump shafts, and additionally a series of 
pone tests of selected steels coupled to a 
opper-base alloy in sea-water, have produced 
nformation on the mechanism of breakdown 
ond indicate a superior resistance to attack 
when a wholly martensitic structure is 
achieved. 

On the kinetics of oxidation of a tn og 
alloys at high temperatures in a 
hydrogen and steam ©. de Beaulieu, M po 
and J. Moreau (Compt. Rend., 1960, 250, May 
30, 3544-3646) A linear followed by @ para- 
bolie stage is observed. The former is inter- 
preted as a surface reaction controlled by 
chemisorption of O, on oxide. 

Solvent action of various base coat glasses on 
ingot iron at ional temperatures M. P. 
Bauleke, W. J. Plankenhorn, and D. G. 
Bennett (AF Techn. Rep. 6093; ATI-90103; 
PB 142042, 1950, Sept., pp.15; from US Govt. 
Res. Rep., 1959, 32, Oct. 16, 499) Solvent 
action was studied at operational temp. below 
that necessary to produce fluidity. The more 
refractory glasses usually had less solvent 
action than those of lower softening range at 
the same soaking temp.—s.#.-8. 

~The effect of molten metals on stressed solid 
metals W. A. Morgan (Murex Rev., 1960, 2, 
July, 62-75) A review of ferrous and other 
metals attacked by molten metals as in solder- 
ing and brazing (57 refs). 





Knowledge of corrosion phenomena in 
austenitic and austenitic-ferritic stainless 
steels L. A. Rubio Felipe and M. A. Guillen 
Rodrigo (Inst. Hierro Acero, 1960, 8, Jan., 
— Number, 88-89) The applications of 

ectrochemical methods to the study of corro- 

sion phenomena in two t of stainless steel, 
one containing 18-8~2 and the other 20-11—2°5 
of Cr-Ni-Mo, is reported in detail. It is con- 
cluded that (i) the passivity of a stainless steel 
is a function of the passivating element in it 
and the existence of two metallographic phases 
in equilibrium makes no fundamental differ- 
ence, (ii) it is 1 to 'e the O, con- 
tent of the baths in order to assess the passivity 
of a given steel correctly, (iii) the two-phase 
steel = the greater tendency to be passive in 
H,80, and is more resistant to effects of heat- 
treatment.—P.s. 





Corrosion research and industry M. H. 
Tikkanen (Tekn. Kem. Atk., 1960, 17, (7), 
217-218) The importance of investigation and 
of early training in corrosion prevention in 
Finland is stressed. 

Corrosion service in c nies 
8. Linderborg (Tekn. Kem. Aik., 1960, 17, (7), 
221, 223, 225-227) A lecture; surveying the 
organization of corrosion service in a company. 


Se Oe ee ae ee = 
drifting a applications 
disti ia converter from hearth 


ing open 
steel E. Rubo (Materialprif., 1960, 2, June, 
208-210) A stepped hole is drilled in the mat- 
erial to be tested and the specimen deformed 
by pressing a steel ball of large diameter into 
the smaller hole. The whole assembly with the 
ball still under pressure is then immersed in 
boiling KNO, solution (40%) for several hours. 
Coarse cracks are visible without further 
treatment, but finer cracks may be rendered 
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visible by pickling. This test has been used for 
distinguishing between converter and OH 
steels. The main criterion is the length of the 
ee — for svelameass ae cracks.—T.@. 


crack- 
i eons of 347 147 ‘stainless steel 
ng os iypese ydroxide G. E. Galonian 
pm a eS eal ay (KAPL-M-GEG-12, 
1959, June, pp.25; from US Govt. Res. Rep., 
1959, 32, Nov.13, 649) No abstract.—s. H.-s. 
of surface struc- 
tures in the corrosion of metals that can be 
vated U. Franck (Werks. Korr., 1960, 11, 
uly, 401-410) From the theory of the corro- 
sion of metals it is derived that such hetero- 
geneous structures as are found in pitti 
corrosion may also be stable. The numeri 
calculation in terms of thermodynamics and 
using an analogue computer is carried out for 
the case of iron in H,SO,. Finally, @ theory of 
pitting is develo for’ iron in halogen-con- 
taining H,SO,. This theory is based on the 
assumption of a non-linear course of the 
current/potential curve of metals that are able 
to become passivated.—r.a. 

The corrosion-resistance of decorative 
per—nickel-chromium deposits on steei. T 
corrosion behaviour of decorative copper— 
nickel_chromium on steel in the 

ote Kesternich test with 
jal reference to the duplex processes H. M. 
eiling (Metall, 1960, 14, June, 549-561) The 
Corrodkote and the Kesternich short-time 
corrosion tests are compared and results pre- 
sented on a variety of copper—nickel-chromium 
electro-deposits. Two facts emerge from the 
study: duplex nickel deposits give in any case 
better protection than, e.g. bright nickel, and 
chromium deposits must pore- and crack- 
free for the best corrosion-resistance. It is 
claimed that the two test methods give quite 
different results and that neither is really 
representative of the actual corrosion be- 
haviour (33 refs).—7. 6. 

Behaviour of aluminium galvanically coupled 
to ferrous in water at 200°F D. ©. 
Belouin (KA PL-MEMO-—DCB--3, 1959, Mar., 
pp-16; from US Govt. Res. Rep., 1959, 32, Nov., 
23, 649) (No abstract).—s. #.-s. 

New on-stream corrosion check R. B. 
Norden (Chem. Eng., 1960, 67, May 30, 122- 
124) This note describes a new non-destructive 
technique using y-rays and film which enables 
corrosion to be cheeked while e te ae ve is 
operating. It is primarily used for line 
corrosion but can also detect p welt and 
plugged areas. 

Measurement of surface moisture and sulphur 
dioxide at corrosion sites P. J. Sereda (ASTM 
Bull., 1960, May, 47—48) This is the final report 
on the measurement of surface moisture 
carried out at the Division of Building Re- 
search and the Division of Radio and Elec- 
trical Engineering, National Research Council 
of Canada. The project was initiated by the 
Task Group on Gcapemmenh of Atmosphere 
Factors of ASTM Committee B3 on Corrosion 
of Non-Ferrous Metals and Alloys. 


Corrosion of mild stest and stalntess steel type 
316L in concentrated 
carbonate-chioride solutions 


approaching those 

used in erinding and leaching uranium ore I. I. 

Tingley and R. Rogers (Can. Min. Met, 

wll, 1960, 53, Jan., 18-23) Recommenda- 

tions for avoiding corrosion are made. Stain- 
less steel is advocated. 

Statistical analysis of corrosion rates of 
various materials after 30 days in biphenyl 
A. Lieberman and B. 8. Orleans (Rept. No. 
373C-8R2; PB 139517; 1956, Oct., pp.i4; 
from US Govt. Resa. Rep., 1959, 32, Sept. 11, 
369) Corrosion rates were determined for 
various materials at 700°F as a function of 
velocity and time. 

The ferroxy! test A. Kutzelnigg (Werks. 
Korros., 1960, 11, March, 162-171) It is shown 
that the ferroxy] test is of little value in deter- 
— the porosity of thin Ni coatings, and 

ts usefulness as a corrosion test is impaired by 
ite lack of reproducibility. 

prevention (Shipbuilder, 1960, 67, 
June, 371-373) A note on a proprietary in- 
hibitor system for water. 
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(Chem. Ind., 1960, June 18, 704-707) A report 
of a lecture and discussion. After a review of 
mechanisms an account of work 
with © Cr was and ev: 


aluated. 

7 Gas World, 1960, 161, May 
14, 760-761) A account of bitumen, 
tape, and treatments for 
gas pipes. 


Some corrosion in and their 
solutions R. 8. and B. Philibert 
snag By 1960, 16, July, 22-40) The authors 
discuss enhanced corrosion blems 
seuitihig: teem the son 06 thea sohe and 
thin-shelled construction in high-speed ships, 
referring partiuclarly to the protection of thin 
hulls and inaccessible areas. systems 
suitable for this type of construction are dis- 
cussed, and examples of effective coating prac- 
tice are given.—¢.¥F. 


resistance of sintered alloys R. H. 
Chandler (Ind, Fin., 1960, 12, May, 52) The 
author discusses the corrosion resistance 
properties of 60°%Ni, 20%Fe, 20%Mo sintered 


alloy and compares them with those of the 
equivalent fused alloy, ‘Hastelloy A’. The 


erzog E. 
Sei., 1960, 57, July, 535-549) The ‘influence of 
H,S on embrittlement in the absence of stress 
and on the rate of pec in several types of 
steel—a non-stabilized Ti-containing mild 
steel, a soft Cr-Al-Mo-V steel and medium- 


mater 


able rn mean pct m8 F. 


a Pe ae ng survey of dissolved oxygen record- 
Holy (Trans. Soc. Instr, Techn., 
1980, 12, Sept., 145-150) A discussion of 
thermal conductivity, electrical conductivity, 
and electrochemical method and apparatus. 
Silicate as a corrosion inhibitor in water 
— i L Shuldener and 8. Sussman 
(Corrosion, 1960, 16, p Bi 354t-358t) The 
authors review the development of corrosion 
inhibition in water s' by means of 
i of its use is dis- 
cussed and 30 years’ e ence of its applica- 
‘articular mention is 
made of the simple and economical gs ar rene 
peg feeding device which has 


use of sodium silicate.—a.F. 
Sodium chromate inhibitor in an ethylene 
glyco! coolant L. C. Rowe (Corrosion, 
960, 16, June, 259t) The author presents test 


results specs ages hewn chromate inhibitors can 
be used with ethylene glycol engine lant 


Easton (Corrosion, 1960, 16, June, 275t—280t) 
The author the corrosion pro 





eys 
Dawson (Chem. Eng., 1960, 67, _~. 16, 170, 
172, 174) Design of coils, beffles, and 
mainly for pressure vessels, is 


Proper design voids a corrosion A. 
Wachter (Chem. Eng., 1960, 67, Feb. 22, 162, 
164, 166) Design to avoid stagnant or imping- 
ing liquids or air entrainment, and other fac- 
tors in corrosion are discussed. 

Protection of interior walls H. Goldstein 
(Bull. Cebedeau, 1958, Aug. —Sept., _ 267274 
A review of pipe in 
Germany, Holland, and Belgium. The use of 
the revolving wire corrosimeter is described 
and the recently patented ISOTHERMIC 
joint and its assembly are described and 
illustrated (13 refs).—s.#.-s. 


operation of corrosion field 
forces L. F. Heverly (Corrosion, 1960, 16, May, 
221t-225t) The author outlines the duties and 
functions of ee ee mnel in a 
natural gas p x 8d yom are given 
on recommended po sige saunention installa- 


tion procedure.—«. F. 

Cathodic of steel in a bn 
resistivity environment (NBS Techn. News 
Bull., 1960, 44, April, 56-57) Specimens were 
tested in asandy loam with resistivity ~20000 
ohm/em, and the specimens held at —0-77v 
lost the least weight, or ~3x the corrosion 
current. 





1960, 14, July—Aug., 322-336) [In 8: 

The factors that affect the corrosion of metals 
in water are examined and the methods that 
have been used to prevent corrosion of ships’ 

hulls, etc. are discussed. The systems of 
cathodic protection are reviewed and a labora- 
tory apparatus designed to study sea and river 
water corrosion is described.—P.s. 


Serra and J. J. Royuela (Rev. Ciencia. spi 


Gerrosion control anodic protection C. 
Edeleanu (Platinum Hee Rev., 1960, 4, July, 
86-91) The use of a Pt electrode system for the 
anodic protection of iron is described, especi- 
“toe vc gn plant. 

romtivity the 


and potential relations 
oueaes —* of steel in a high resistivity 
environment W. J. Schwertdfeger (Corrosion, 
1960, 16, May, 209t—214t) Specimens have been 
exposed in the laboratory for @ period of two 
months to a soil having a resistivity of about 
20000 ohm/em. The ag teh and current 
criteria for the ion of bare 
low-carbon steel in such an environment are 
evaluated.——a. F. 
of cathodic 
os eae sears eet Preece 
and J. W. Johnstone jun. (Corrosion, 1960, ~ 
May, 215t-220t) The authors consider cathodi 








when light is excluded.—ce.¥. 
one ot il sta, Th "Diroation ot acid 
acid 


interface J. M. Me Weer On apot Po wiped, 10, 


June, 250-255) Thioureas to "adsorb at 
the interface and quinolines show a preference 

for anodic sites. 
A new penetrative anti- 
Anticorr., 1960, 8, 


July—Aug., 282-283) Rust‘ol—a new e 
fiuid anti-rust product with oil base and con- 
ing certain agents, ha after 
Gesiee: the asanareie —— is dotorived. 
Corrosion H. Turner (Publica- 
tion of IME, 1959, pp. 54) Sourees of see 
tion, learned bodies and pu! 


—, the corrosion group of the Soe. 
Ind. are reviewed. Liste of titles are 
included. 

Corrosion can be minimised by suitable 
materials, better R. P. Northrup 
(Austral. Mach. Prodn. .» 1960, 13, June, 
19, 21, 23) Conditions for the use of iron and 
pge cme 8 ferrous metals are briefly surveyed. 

Corrosion contro! in refineries 
processing Western crude oils C. L. 


m syst for steel docks a 
tema atmospheres may exist. The quote 
the results of an investigation undertaken to 
determine the critical values of arc and igni- 
tion energy ean oceur under various 
conditions of circuit, current, and voltage, and 
discuss the actual electrical conditions which 
exist at cathodically protected steel docks. 

Cathodic of hulls and related parts 
(Corrosion, 1960, 16, May, 233t—234t) Known 
information about cathodic protection of ship 
hulls and related parts is summarized. Prob- 
lems involved are outlined and factors influ- 
encing protective current requirements are 
given.—«.F. 

New in cathodic protection 
rectifiers H. R. Aschan (Corrosion, 1960, 1s, 
May, 235t-240t) Recent developments 


velop- 
ment a i oo and 8i rectifying 
to their use in circuits which are 
new to cathodic protection.—@. F. 


ANALYSIS 
of electrolytic iron irons. Oke and and T. AN Munaive 
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(Ann. Rep. Eng. Res, Inst. Far. Eng. Univ. 
Tokyo, 1960, 18, March, 14~17) C, Cu, Pb, Sn, 
and Zn were determined and a table (in Eng- 


lish) of the results is given. 

Experience with residual and its use 
in low-carbon steel, treated fh special de- 
oxidants T. Malkiewicz and J. Foryst (Frei- 
berger Forsch., 1958, (B26), 37-45) Experi- 
mental results of the electrolytic isolation of 
oxide inclusions from low-C, unalloyed steel b: 
the methods developed by Klinger and Koc 
and by Fitterer showed good agreement 
between the two methods. Deoxidation trials 
on high-frequency melts of Armco iron, using 
various Mn-Si-Al alloys are described. The 
results agree with la and industrial 
data already reported in the literature. 

Determination of oxides in steels P. Torterat, 
L. Backer, and E. Herzog (Rev. Mét. Mém. 
Sei., 1960, 57, July, 493-501) The method des- 
cribed is based on fractional reduction at 
successive temp. steps between 1300 and 
1700°C. The results obtained well with 
the electrolytic isolation of the oxides using 
the Klinger-Koch-—Sundermann _isolating- 
chlorination technique. 

Determination v3 total nitrogen in iron and 
steel R. Boulin, J. Coulombeau, and E. Jaudon 
(Rev, Mé., 1960, 7, July, 623-630) Methods in 
current use are reviewed, . method adopted 
for the determination of N, in a rimming 
Thomas steel is described, and the determina- 
tion of N, in Thomas Fis iron, intermediate 
compositions, and in y steels and ferro- 
alloys examined (24 refs). 

Determination of a. in ogg steel 





containing acid-insoluble stainless 
iron *M. Thida 
(Tetsu to Hagane, 1960, 46, March, 430-432). 
Determination of h in steel. Com- 
parison of 


tin-fusion and tech- 
G. C. Carson (Anal. Chem., 1960, 32, 
July, 936-939) A comparison of tests on speci- 
mens from a molten bath and from large rotor 
forgings of low-alloy steels by the hot-extrac- 
tion technique at 975° or 650°C and by the tin- 
fusion technique at 11650°C is presented. The 
hot-extraction technique was erable both 
for better precision and from the viewpoint of 
simplicity of apparatus and convenience of 
operation.—8.H.-3. 


ome ie pogtnay estas BE. Se Sees 


(Rev, Sci, Inst., 1960, 1 joer 659) The gauge 
was deve from a leak detector and uses 6 
Pd te r to separate H,. Its use with 
steel rods is briefly described. 
of forms of cobalt in 

of R. 8. Young (Chem.- 
— 1960, 49, June, 46) Cl, in MeOH 

ives metallic Co with little attack on the 
oxides. A modification is required in presence 
of CoS. 

EDTA titration of cobalt in cemented car 
bides E. Lassner and R. "scharf (Chem. 
Analyst, 1960, 49, heme od 44) * and V interfere. 

of cobalt from its alloys and ores 
with 1-nitroso- E, Cogan (Anal. 
Chem., 1960, 32, July, 973-975) A method is 
presented for the quantitative extraction of 
cobalt from ores alloys that contain 5-0 to 
99-9% of either iron or nickel which kee 
their a below a level that would 
R_ colorimetric 
Gubustabeaihan,: The cobalt 1-nitroso-2-naph- 
tholate is e with chloroform, the 
chloroform evaporated, the residue washed 
with perchloric and sulphuric acids, and the 
cobalt salt taken up in water and determined 
with nitroso-R salt. The small amounts of 
other metals precipitated by this method do 
not affect the cobalt colour determination. 
oe cerimetric determination of cobalt in 
steels F. Vydra and R. Ptibyl (Hutn. Listy, 
1960, 15, (6), 476-477) Bivalent Co in w y 
acid solutions can be oxidized quantitatively 
with ferric chloride in the presence of 1,10- 
phenanthroline. rari eR complex of bivalent 
iron with i.e. ferroin, is 
Soman clon adieeling a cated te Oa to 
metry, & met ‘or the in- 
direct determination of Co. The method was 
used for the rapid determination of Co in 
——P.F. 
Influence of metal ions and sample acidity on 














the determination of eo pea A study of the 
met W. G. Scribner 
(Anal, Chem., 1960, 32, July, 966-969) The 
titration of st ly acid samples of Mn salts 
in the presence of Co and Cu; and its titration 
in presence of Fe, Ni, Zn, Al, Mg, and Ca are 
described, and results are reported and tabu- 
lated. In view of the unusually low recoveries 
obtained, it is recommended that all analyses 
be performed starting with sample solutions 
containing a minimum amount of free acid. 

Influence of chromium (111) on the deter- 
mination of manganese. A study of the 
Lingane-Karpius method W. G. Scribner 
(Anal. Chem., 1960, 32, July, 970-972) The 
influence of Cr (III) was studied and the 
nature of its interference found during the 
previous investigation, and a method is pre- 
sented which permits accurate titrations of Mn 
in the presence of Cr. The accuracy of the 
method is demonstrated by the titration of 
NBS Cr-Ni samples.—s.4.-s. 

The use of metal reductors and amaigams in 
chemical a . i. On the redox-determina- 
tion of um J. Dolezal, B. Moldan, and 
J. Zyka (Coll, Czech. Chem. Commun., 1959, 24, 
Nov., 3769-3776 [In German] A study of the 
reduction of Mo salts with Zn amalgam and 
their determination with KMnO 

Analytical chemistry of titanium and zir- 
conium W. T. Elwell and D. F. Wood (Met. 
Ind., 1960, 97, July 22, 67-69) This is the 
third and last instalment, and deals with 
methods of separation and determination of 
Zr. The ion exchange and solvent extraction 
methods of separation are described. Methods 
of determinations such as gravimetric, titri- 
metric, and colorimetric are also outlined. 

Determination of uranium by a 
titration V. F. Eskevich and L. A. Komarova 
(Zhur. Anal. Khim., 1960, 15, 84-87) Traces of 
V are titrated amperometrically with NH, 
vanadate solution, with an accuracy of 2-3%. 

Separation of uranium from Vina a 
metals by ion exchange chromatograp' ‘2 
Ryachikov, P. N. Palei, and Z. K. ne Mik ailova 
(Zhur. Anal. chim. 1960, 15, (1), 88-95) Con- 
ditions are worked out for the separation of U 
from a number of elements in acid or nearly 
neutral media, making use of the varying 
ability of different elements to form com- 
pounds with EDTA (17 refs). 

Co xometric determination of zirconium 
V. F. Lukyanov and E. M. Knyazeva (Zhur. 
Anal, Khim., 1960, 15, (1), 69-72) Zr is pre- 
cipitated from the decomposed sample of ore, 
hag ete., with NaOH or NH,OH, dissolved 

CL, boiled with excess of standard EDTA, 
aod the excess EDTA titrated at pH 2-3-2-4 
with Th(NO,), using Arsenazo as indicator 
(15 refs).—1.D. B, 

The solubility of zirconium cy 
8. V. Elinson and T. I. Nezhnova (Zhur. Anal. 
Khim., 1960, 15, (1), 73-76) The solubility of 
1-6 x 10-8 M/l, calculated from the equi- 
librium constant for the precipitation of Zr 
with cupferron agrees with published data. 

Direct photo of alu- 
minium in steel means of Eriochrome 

ine-R L. Doubek (Hutn. Listy, 1960, 15, 
(6), 477-478) [In Czech].—?. F. 

The use of ene indicators in pre- 

R. Pischel and E. 
Lassner (Chem. ee Med 1960, 49, June, 58~62). 

EDTA og age employing ‘SNAZOKS’ as 
the indicator G. Guerrin, M. V. Sheldon, and 
C. N. Reilley (Chem. -Analyst, 1960, 49, June, 
36-38) The use of 7-(4’ ‘sulpho-1’-naphthylazo). 
8-hydroxyquinoline- -§-sulphonic acid as inci- 
cator is described. 

m on solvent extraction in the 

of metals ae Freiser and G. H. 

Morrison (ASTM STP, 1958, June, (238), 

pp.54. Introduction (1-4) The scope of solvent 

extraction methods is indicated, and the a 
of solvent a. are briefly summarized 


eS ene 


ae oy: liquid 

Pilloton (5-12) A number of ternary 
systems consisting of water, a mineral acid and 
an organic solvent have been investigated. The 
tie-lines of the diagrams A armen | — 
systems appear to conve & common poin 

on the expansions of ray ths of the triangles. 
These findings are discussed. Analysis with 


thenyltrifiuoroacetone F. L. Moore (13-26) The 
uses of this solvent are discussed, details for the 
specific determination of radiozirconium, radio- 
cerium, plutonium, and neptunium are given, 
and recent work on the extraction of iron and 
Nb from strong acid solution is discussed. The 
use of tri-n osphine oxide in analytical 
chemistry J. C. meg (27-35) The extraction 
data are given for Cr, Fe, U, Mo, Bi, Zn, Th, 
Nb, Ta, and Ti, and methods developed from 
these data are discussed. Extraction of ere 
by this solvent is also considered. 8-H 
quinaldine extractions applied to the analysis of 
metals K. J. Hynek (36-42) The non-reactivity 
of this solvent with Al leads to method of 
removing ions which interfere in the deter- 
mination of Al. This is the basis of a new 
method of analysis. A new, widely applicable 
spectrophotometric method for Pb is also dis- 
cussed. Use of nic solvents in flame photo- 
J. A. Dean (43-54) The development 
and theory of the use of organic solvents in 
this field are reviewed (39 refs). 
ic standards 


The preparation of 
for magnesium in cast iron A. Argyle (BCI RA 
J., 1960, 8, July, 537-544) The significance of 
standards in spectrographic Das gre is explain- 
ed and the methods used by the Association 
for the production of Mg standards are des- 
cribed. The significance of variations in compo- 
sition of these standards is treated in an 
appendix. 

orty-five relative / — —_ high —_ 
tion iron fines from the dc are spectrum R. 
Hefferlin (J. Opes Soc. Amer., 1959, 48, Oct., 
948-949). 

A new analytical line of silicon W. J. 
Klimecki (Hilger J., 1960, 69, Jan., 8-9) The 
use of 2124.150 200R 50 6-62 eV is described. 

R determination of silicon in molten pig 
iron by a — method 8. Yasutomi, 
M. Thida, and H. lwata (7'etsu to Hagane, 1960, 
46, March, 233-235).—x.£.J. 

nation of alloy elements in special 
steel by fluorescent X-ray spectrometry 5. 
Hirano, K. Momoki, T. Koizumi, and H. Sawai 
(Tetsu to Hagane, 1960, 46, March, 433-435) 
Calibration curves and accuracies are given for 
determination of W, Mo, Co, and V; the accur- 
acies are shown to be similar to those of 
chemical methods.— x. E.J. 

Studies on analytical methods for trace ele- 
ments in metal uting radioactive isotopes. Vi. 
The method for radioactive nuclides 
contaminating the surface of several metais 
H. Amano (Sei. Rep. Res. Inst. Téhoku Univ., 
1959, 11, Dec., 458-465) Test specimens of 
iron, stainless steel, copper, and brass were 
dipped into a nitrate solution of fission prod- 
ucts at pH 1-4, and radioactive nuclides were 
removed from surfaces by anode electrolysis. 
Results are described and tabulated. VU. 
Simultaneous determina- 

tu , Molybdenum and vanadium 

(1960, 12, Feb., ” 24-34) The o ic solvent 

extraction method was follow by spectro- 

photometric measurement and is ‘described, 
and results are tabulated and summarized. 

to the 

A. Grizo 


of thermobalance 

quathtative determination of cla 
and M. Tecilazic-Stevanovie (Bull. Soc. Chim. 
ay oom 1975, 22, (5, 6, 7), 383-393). 

on the chemical analysis of basic oy 
iv. mination of fluoride in basic slag 5. 
Wakamatsu (Tetsu to Hagane, 1960, 46, 
March, 428-430) A combustion method is com- 
pared with the standard volumetric method. 


application of determi- 
nation of iron in Thomas by X-ra 


a I. Harveng, L. Gillain, and J. 
Marot (Rev. Mé., 1960, 57, May, 423-436) 
The instrument and method used are de- 
scribed. Using three external standards, Fe in 
Thomas slags was determined with a mean 
relative error of +3-5% from a single com- 

ive measurement. The equipment is 
robust and simple to operate. 

Full analysis of iron carbonate rocks N. M. 
Sochevanova and V. G. Sochevanov (Zavode. 
Lab., 1960, (5), 543-547) The determination of 
Al is interfered with b me resence of large 
amounts of iron, which sliminated by 
electrolysis with a mercury net e ti 
extracted, or treated with alkalis, It is possible 
to titrate Al and Fe without first eliminating 
the iron by using aliquot parts of solution, (say 
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25 ml out of 200 ml) which corresponds 
approximately to a weighed ——, of 0-05— 
0-065 g. The interfering Ca, Mg, and Mn must 
first be eliminated. The sesquioxides are 
precipitated with ation of 810,, Al,0,, Fe, 

apid deter ue 0,, Fe,0, 
and of TiO, in refractories.;S. Gheocalescu 
(Met. si Constr. Masini, 1960, (2), 247~248) 
The different components are determined by 
weighing: SiO, determination is made se 
ately. After alkali fusion and dissolution o' the 
melt, the precipitation of the silicic acid is 
effected by rapid coagulation with gelatine 
followed by a single filtration. The operation 
takes 5 min instead of 2-3 days, The determi- 
nation of the sum of the Al,O,, Fe,O, and 
TiO, is made separately on one weighed 
quantity and takes 2-3 h. These three com- 
ponents are brought into solution from the 
alkali melt and precipitated in an acetate 
medium with excess of 8-hydroxyquinoline 
which is exactly measured. After filtering, the 
excess oxine is titrated with a known excess of 
KBr-KBrO, and KI is added. The I, liberated 
is then titrated with Na,8S,0,. Thus the sum of 
the Al,O,, Fe,O, and Tid, is determined. 
From it are dodac’ ted the Fe and Ti, which are 
determined colorimetrically on the , same 
weighed quantity. 


INDUSTRIAL USES AND 
APPLICATIONS 


tubing for heat angers Ie uclear power 
ubing exe 
stations F Eo Aster en tore 
lurgia, 1960, 61, May, 193-200) Int 
finned mild steel ‘tubing will be used fo hoes 
exchangers of the Berkeley and Bradwell 
nuclear power stations. For this reason the 
a metallurgical characteristics and the 

atigue resistance of the tubing in the ‘as- 
finned’ and in the heat-treated conditions have 
been studied as well as the effect of service 
temp on the tensile properties and residual 
stress because the tubing comes from the mill 
in a stressed and work-hardened condition. It 
was found that the tubing should be satis- 
factory 7 service without heat-treating.—1.«G. 

for the main units of electrical He nt 

ment I. N. Laguntsov and E. 8. Gi 
(Teploenergetika, 1960, (5), 3-12) A mer 
range of pearlitic steels are listed for service at 
570-585° and of austenitic steels for 650° and 
over. Specifications are given with suggestions 
for use. 

The contribution of 


metaliurgy to electric 

power eS L. Rotherham (J/SI, 1961, 
197, Feb., 109-116) [This oe 

Prepari modeis of different types 


of steel an pom ty their long term a 
G. 8. Vasil'chenke (Teploenergetika, 


(5), 39-44) Practical experience has shown 
good economical and s h indices in discs 
made of different steels the possibility of 
satisfactorily welding them ether. It has 
also been shown that it is ible to assess and 
experimentally to determine the conditions for 
their failure. This poses the problem of manu- 
facturing a dises for gas turbines by 


alterations of the profile and by the introduc- 
= fy new methods. uatty of st 

he problem of the q of steels intended 
ont aircraft construction A y (*Docaero, 


1958, (52), 17-24) Choice fp sneaker effect of 
mass and degree of quenching on mechanical 
properties, ho’ meity, surface and internal 
defects and their influence on quality, and co- 
operation between manufacturer and con- 
structor are discussed. 

Stainiess steel in architecture (Met. Bull., 
1960, Aug. 16, iii) The use of Electropol process 
sheet in a new projected office block is men- 
ee P 

Ductile iron for fiuid 
K. H. Kirgin (Internat. Perey, Se ee 
1960, pp.16) Properties are reviewed 
illustrated. 

another reason te 
low alloy steel for W. D. 
ogerman ‘indareie, Nickel Co., Sop gk from 
Consulting Engineer, 1959, Oct., pp.6) 
ties and uses of nickel and othe r low alloy 
steels, including ASTM A-292 or HSLA 
tensile steels are reviewed with special refer- 
ence to bridge construction. 
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pe boyy apne a mg and super- 
The use of a low 
18 


L. and 
» 1960, 67, July, 613-622) 
-alloy ype for these 


applications ite structure, 
properties, and in service described. Its 

ition is: 0-10-0-15%C, Peed ng 
0- i max., 1-1-2%Cr, 0-45-0-65°%Mo, 


0-35-0-45%V, 0-45-0-65%W, 0-030%8 and P 

max. 

A new use for galvanized sheets (Met. Bull., 

1960, Aug. 16, pr Sages iv) An account of 

Camp Century the snow of Greenland. 
corrugated sheet is used to form the 

ice roofs. 

Development of a steel for ribbed concrete- 

rods W. Janiche (Stahl Hisen, 1960, 
80, Sept. 1, 1185-1194) This is a lecture re- 
viewing the development of steels for ribbed 
reinforcing rods and the work done by the 
Technische Kommission der Betonstahl Ge- 
meinschaft in overcoming the brittle-fracture 
tendency of the steels used a few years ago. 
New steels are resistant to brittle fracture and 
a more severe bending test in the aged condi- 
tion is suggested. The new steel usually satis- 
fies the bending test conditions, but it should 
also be established whether the steel is super- 
ior under dynamic loading conditions in struc- 
tures. This would also apply to its use in 
modern air-raid shelters.—T.G. 

New oil pipes with high points J. Burda 
(Hutnik, 1960, 10, (7), 269-271) Character- 
isties desirable in pipes used as ducts, for dril- 
ling, and other purposes in the oil industry are 
dise mainly with reference to tubes 
recommended by Soviet Standard Specifica- 
tions and by the American Institute of 
Petroleum.—P.F. 

bgee Speen hohe gh lp le omen 
for weided containers used at wae 
tures and pressures J. H. Roux (Rev, Mét., 
1960, 57, June, 507-519) The material in 
question is 100-260 mm plate for high-pressure 
boiler tubes. The steel selected contains 
0-14%C, 1-25% Mn, 0-50%Mo, and 0-07%V, 
and was given a heat treatment, which is des- 
cribed, which lowers the transition point with- 
out changing the other mechanical properties. 

ae with steel B. Mitchell (Weld, 
Met. Fabr., 1960, 28, Aug., 316-318) Stiffened 
honeycomb construction is described. 


HISTORICAL 


— advances of steel any 
ring ee ee ‘ 


du 

Almunia y de Leon (Anal. lect., 1959, 
36, Nov.—Dec., 395-409) A short historical 
study of steel development between 1735 and 
1856, followed by a brief survey of the advance 
of the industry between 1900 and 1958. 


Doi-gun or furnace, near Doigelley 
Morlonsthshire Det, R. Schubert (J/ST. 1961, 


197, Feb., 151-152) [This issue]. 

Blaenavon — birthplace of basic steel T. G. 
Grey-Davies (Bri. Steel, 1960, 26, June, 
202-205) A historical note of the develop- 
ment of the town and its iron works with a 
brief reference to the work done there by 
Thomas and Gilchrist. 


century. Excerpts from correspondence T. R. 
Harris (Found. Trade J., 1960, 108, Feb., 25, 
241-242) Excerpts from letters concerned with 
complaints, excuses, silesmanship, etc. are 
presented.—T.a. 

emote 


R antecedents of + agp poo J. 
Serrano (Met. y Hlectr., 1960, 24, Aug., 91) 
A brief review of the history of foundry work 
in Spain from the 12th to the 18th century 
with some figures of the number and details of 
location of operating plants and their output. 

Ancient metallurgical furnaces in Great 
Britain to the end of the Roman 
T. K. Penniman, I. M. Allen, and A. Wootton 
(Sibrium, 1958-59, 4, 97, 126, reprint). 

Works: 


Part 2 R. A. Mott (Newcomen Soc., preprint, 
1959, March 11, pp.17) An historical account 
bah man eet ck wake een ke 

Roger . Biough (J et. “s > . > 
supplement, i) A brief biography of the Chair. 
man of US Steel Corp. 


ECONOMICS AND STATISTICS 

Steei—the economic future (Sir) Robert Shone 
(Ingot, 1960, June, 22-27) A ussion, par- 
ticularly of Great Britain, in relation to 
i productivity. 


Sweden has doubled her steel production J. 
Sanz y Diaz (Met. y Electr., 1960, 24, July, 89- 
90) A brief summary of production between 
1949 and 1959 with comparative figures and 

incipal markets and a reference to noted 

iwedish steelmasters and scientists in the 17th 
and 18th centuries.—s.H.-8, 

Perspectives in the Iron and Steel Industry P. 
Epron (Techn. Humanisme, 1959-60, 46, (3), 
5-17) A review in general terms of the French 
Industry, economic rather than technical 


overseas . M. 
Buddington (Blast Furn. Steel Plant, 1960, 48, 
March, 285-286) The effects of increased over- 
seas production and competition, and methods 
of dealing with them are di 4 


MISCELLANEOUS 


Garbon’s usefulness to the metal indust 
K. B. McCullogh (Canad. Metalw., 1960, 
May, 30-35) © properties of carbon and 
graphite are described and related to a number 
of applications in the metal industry.—r.a. 

The role of industrial silicon M. Schofield 
(Iron Steel, 1960, 33, March, 97-99) Topics 
dealt with aro the industrial production of 
very high purity Si, and the development of 
the ferrosilicon industry and of silicon steels. 

Production of metallic manganese from 
indigenous ores V. Mercea and M. Fruchter 
(Met. si Constr. Masini, 1960, (2), 116-123) 
Laboratory experiments for obtaining metallic 
Mn from indigenous ores by electrolysis are 
here described. The ores contain 25-30% Mn; 
~10% Fe; 25-30% SiO,; 0-5% P and 17% 
other elements. 75-80% of the Mn is present 
as carbonate and the as silicate. The 
ores consist of rhodocrozite of grain size 
0-02-0-4 mm; rhodonite 0-04-30 mm; 
tephroite 0-08-2-5 mm; ganophyllite 0-01-—1-6 
mm; quartz 0-02-0-2 mm; chlorites 0-04-0-4 
mm and muscovite 0-02—0-2 mm. The principle 
of operation is the dissolution of the carbonate 
and lower manganese oxides in dilute H,SO,. 
The solution is purified and serves as an 
electrolyte, yielding high-purity Mn. ( (3), 208- 
214) The pilot installation is here described 

ielding high purity Mn of the following com- 
Lm ition: 0-018% 8, 0-0009%, P, 0-0058% Fe, 

-005% C, 0-005% Pb and Mn (by difference) 
99-96%. The balance sheet of the operation is: 
Materials used p. ton of Mn deposit: Mn ore 
(24%) 5-77 t; H,SO,, (93%) 0-957 t; NH, 99-5 
%, O-177 t; SO, 99%, 0-0056 t; FeSO,,7H,0 
0-0395 t; technical Na,S (60%), 0-0282 t. 
Power consumption per t of Mn deposited: 
12000 kW h; low pressure steam, 100 t. Water 
from the mains 100 m*. By-products obtained; 
MnO, (depolarizer for electric batteries) 
0-0212 t; mixed sulphates of Mn, NH,, and 
Mg (agricultural manure) 1-05 t. 

Training for India’s steel industry I. H. 8. 
Irwin and R. J. Stone (B.H.P. Rev., 1960, 37, 
Feb., 13-15) Students were attached to Port 
Kembla works and other Australian plants. 

The sulphide phase in some iron 
H. J. Axon (Nature, 1960, 187, July 30, 406— 
407) Troilite and schreibersite are identified. 

Finnish nickel J. Honkasalo (Tek. 
Kemian, 1960, 17, (9-10), 297-301) In 1943-44 
the Kolosjoki (Petsamo) mine produced 7000 t 
per annum of nickel matte. In 1942 the Nivala 
mine of the Outokumper Co. an production 
and up to 1954 produ 400000 t of 
nickel ore, when this was exhausted and out- 
put ceased. In 1942-45 the Pori Metal Works 
extracted 300 t of nickel metal per year from 
native ores. The new Kotalahti mine, which is 

pposed to contain 4 x 10* t of nickel ore, is 
also described. Furthermore the extraction 
and sar 4 Sos myo in operation at the 
Harjavalta Smelter are descri in detail. 


Labour relations and et es E. 
Bramesfeld (Stahl Hisen, 1960, Sept. 15, 
1257-1261) An abridged version of a lecture on 


labour relations in industry.—t.c. 
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BOOK NOTICES 


E. ‘Legierungs Handbuch der 

Nichteisen Metalle’. 2 Aufiage. 8x6 in, 

One Illustrated. 1960, Berlin: Fachverlag 
hiele & Schén GmbH. (Price DM.338.) 


Roserts, C. 8. ‘Magnesium and its Alloys’. 
9x6 in, pp.xi+ 230. Illustrated. 1960, New 
York, London: John Wiley & Sons Inc., 
Chapman & Hall Ltd. (Price £3 12s.) 

Westsroox, J. H. (Editor). ‘Mechanical 
Properties of Intermetallic Compounds’, 
9x 6 in, pp.ix+ 435. Illustrated. 1960, New 
York, London: John Wiley & Sons Inc., 

man & Hall Ltd. (Price £3 16s.) 
ese three books provide notable contri- 
butions to the science and technology of 
materials and their properties. The German 
work, a second edition, lists nearly 2500 
‘werkstoffe’ logically arranged, first as the 
pure metals Al, Cu, Zn, Sn, Pb, Ni, then as 
their alloys, and as special alloys of Cd, Co, 
Ti, and Hg. In includes constitutional dia- 
grams, notes on applications and details of 
casting and chemical qualities and h 
ical properties. A notable feature is the pro- 
vision of names (including trade names) of 
all the alloys mentioned, arranged under 
each main constituent and also as an index. 
The second book deals in concise detail Ms 
the extraction, refining and casting of Mg 
and its alloys, and gives a valuable account 
of the scientific principles and technology 
involved in the fabrication and use of the 
metal. Starting with physical properties, the 
author passes on to Alloy Theory and Mg 
Alloy systems, Deformation and Problems 
of Diffusion, Grain Growth and Precipita- 
tion. The last half of the book deals with the 
technology of production. The book is well 
supplied with illustrations and references to 
the literature. The third work is a report of a 
symposium on the mechanical properties of 
intermetallic compounds sponsored by the 
Electrothermics and Metallurgy Division of 
the Electrochemical Society in May 1959, 
in Philadelphia. There is great interest in 
both high-temperature materials and in 
materials for the production or conversion 
of electrical energy. The sponsors of the 
symposium and the contributors deserve to 
be congratulated on the quality of the 
papers and on the enterprise which brought 
together 17 papers of which two were from 
the Soviet Union, one each from Germany, 
Japan, and the United Kingdom, and the 
rest from the USA. The subject matter of the 
book which includes written and spoken 
contributions to the discussion, literature 
references, and author, compound and 
subject indexes, may be divided into five 
main parts. The editor provides first, a valu- 
able review of the literature, then follow two 
papers dealing with the effects of crystal 
structure and three with experimental tech- 
niques for studying mechanical properties. 
The next four chapters discuss the effects of 
dislocations and int defects. Finally, 
seven papers d with the mechanical 
phenomenology of specific compounds 
among which Academician I. I. Komilov’s 
contribution on some intermetallic com- 
pounds of iron and nickel will merit most 
attention from readers of this Journal. 
—M. L. Pear. 

Cannine, W., & Co. Lrp. ‘Handbook on 
Electroplating’, 9x6 in, pp.vii+ 531. Ilus- 
trated. 1960, Birmingham: W. Canning & 
Co. Ltd. (Price £1 10s.) 

This handbook, now in its nineteenth 
edition, has been revised and enlarged and is 
now divided into three main sections, the 
larger of which, as indicated in the title, is 
about electroplating. This section takes up 
more than two-thirds of the book and in- 
cludes information about general principles, 
pre-treatment processes, and the various 
plated d its. The remaining sections 
cover polishing and bronzing and lacquering. 
Pap ag ep Bam excessive, as it sometimes 
is in this of handbook, and the work, 
which is over 600 pages in length, is good 
value. 

Corus, J. C. (Editor). ‘Radioactive Wastes, 
Their treatment and disposal’, 8} 5} in 
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pat 239. Illustrated. 1960, London: 

. & F, Spon Ltd (Price £2 15s.) 

The first half of this collection of articles 
deals with some basic scientific knowledge 
about radioactivity: its nature, sources, haz- 
ards, and measurement. In the second half 
problems of the treatment of waste radio- 
active matter are discussed in articles which 
deal with legal aspects, the treatment and 
disposal of liquid effluents, the er of 
solid wastes, and the discharge of radio- 
active effluents to the atmosphere. There is a 
, wane 9d of terms and the book is well pro- 

uced and illustrated. 

Counci, oF Screntiric snp INDUSTRIAL 
Resgearcnu (CSIR, India). ‘Appraisal of 
Steel Demand’. 9} x 6} in, pp.xi+ 138. 1960, 
New Delhi: The Council. (Phe 168. Od.) 

A report of the National Council of 
Applied Economic Research in New Delhi, 
this study attempted to estimate the re- 
quirements of steel in relation to the total 
amount available in India, including im- 
ports in 1960-61 and at the end of the 
and Fourth Plans in 1965-66 and 1970-71, 
respectively. The compilers of the report 
admit that this involves ‘a certain measure 
of crystal-gazing’. Nevertheless, their meth- 
ods are both scientific and sensible. Two 
chapters at the end give ‘Findings and Con- 
clusions’ and ‘Recommendations’. Many 
points of interest arise, among them the 
estimate of a total requirement of 3-163 
million tons of finished steel in 1960-61 when 
production is estimated to reach no more 
than 2-635 million tons. In 1970-71 it is 
estimated that the total requirement of 
finished steel will be 12-9 million tons and 
supply will have caught up, or almost caught 
up, with demand, and Tndia’s per capita 
consumption of steel will have risen to 56 Ib. 
It is pointed out that this is about the same 
as Russia’s consumption in 1928. The report 
recommends that an organization should be 
set up to collect information about produc- 
tion and consumption figures and to publish 
these periodically as is done in the United 
Kingdom and the USA,—M. L. Peart. 

Davins, N. (Editor). ‘International Symposium 
on Stress Wave Pro ion in Materials’. 
9x6 in., pp.xiii+ 337. Dlustrated. 1960, 
New York, London: Interscience Publishers. 
{Price $10.00.) 

This is a report of a symposium on stress 
wave propagation in materials which was 
held in July 1959, in Philadelphia. It was 
sponsored by the United States Army Office 
of Ordnance Research and papers from 15 
contributors were given, of whom eight 
were from the USA, two from the United 
Kingdom, and one each from Germany, 
India, Israel, Japan, and Sweden. The 
intention of the sponsors was to obtain a 
representative cross-section of current pro- 
gress all over the world in such subjects as 
earth-layer propagation, visco-elastic mater- 
ials, metallurgical effects of stress waves, 
seabbing, rock-breakage, and armour pene- 
tration. The 15 contributors kept to their 
special subjects and with such a wide field 
and so many materials and investigations 
discussed, often on a highly theoretical 
plane, it is to be hoped that the sponsors’ 
desire for accelerated progress in ‘related 
fields’ will be achieved. Of most interest to 
scientists in the steel industry, generally 
speaking, will be a paper from India by 
V. R. Thiruvenkatachar on recent research 
in that country which deals with fracture in 
explosively loaded metallic cylinders and 
also scabbing in thin metallic plates under 
explosive attack, and a paper by R. J. 
Eichelberger of the US Army Ballistic 
Research Laboratories, Maryland, on the 
effects of very intense waves in solids. This 
includes a study of changes in magnetic 
properties of impulsively stressed specimens 
of steel and nickel, and the metallurgical 
changes in steel subjected to extremely 
intense transient stresses. A paper by K. B. 
Broberg of Sweden on some aspects of the 
mechanism of scabbing includes an account 
of experiments with steel specimens. Did- 
cussions are reported with each ~— and 
useful lists of references are provided. 

—M. L. Peart. 


Hovse, J. W., and Futuerton, B. ‘Teces-side 


at Mid-Century’. 94x 6} in, pp.454. Illus- 
trated. 1960, London: Macmillan & Co. Ltd. 
(Price £1 16s.) 

This is an industrial and economic survey 
of Tees-side, defined here as an area of some 
450 square miles including the Hartlepools, 
Darlington, and northern Cleveland. It is an 
area which developed rapidly during the 
last century, most strikingly shown by 
Middlesbrough, one of the new towns of the 
19th century which grew from a single farm- 
stead to a large township. The 20th century 
has seen the rise of the chemical works and 
town of Billingham and the survey makes it 
clear that the forces of expansion are still at 
work in the area. The work is divided into 
chapters dealing with natural and human 
resources, industries (with sections on 
individual industries and services), public 
utilities, transport, administration, and a 
final chapter about problems and prospects. 
Although the authors are mainly concerned 
with the present state of affairs, there is 
much useful historical information about the 
industrial evolution of the area. 


Tae Institution oF MeTativrRoists. ‘Pro- 


gress in Metallurgical Technology’. Refresher 
course, 1959. 8$x54 in, vii+147. Illus- 
trated. 1960, London: Iliffe & Sons Ltd. 
(Price £1 12s. 6d.) 

Since 1947, The Institution of Metal- 
lurgists has held an annual Refresher Course 
for its members and from 1956 onwards the 
published lectures have been made available 
in this present series to a wide public. The 
four papers in the fourth volume are the 
lectures delivered in the autumn of 1959 on 
the theme of progress in metallurgical tech- 
nology. The first by Dr John Taylor deals 
with recent developments in iron and steel 
production including an account of changes 
due to the advent of tonnage oxygen, the 
second by Mr A. V. Bradshaw outlines the 
various methods of extracting and refining 
non-ferrous metals. Dr A. G. Robiette deals 
with the melting of ferrous and non-ferrous 
metals where the main changes have been 
in plant and equipment, and finally, Dr 
D, V, Atterton gives a general picture of 
current casting practice for three main 
groups of metals: steels, copper alloys, and 
light alloys. 


Larne, J., and Roirs, R. T. ‘A Manual 


of 
Foundry Practice for Cast Iron’. 3rd ed. 
84 54 in, pp.xix+386. Illustrated. 1960, 
London: Chapman & Hall Ltd. (Price 
£2 10s.) 

Practising foundrymen and foundry met- 
allurgists now in their prime have good 
reason to recall the first edition of Laing and 
Rolfe’s book published in 1934, since it was 
one of the first comprehensive books on the 
science and practice of the founding of 
metals. In 1940, the authors divided out of 
it ‘Non-ferrous Foundry Practice’ and this, 
the latest effort, may be regarded as a com- 
panion volume relating solely to cast iron. It 
is greatly to be regretted that Mr Rolfe, the 
last surviving member of the original two- 
man team, died suddenly while the book was 
passing through the press. Fortunately, the 
book was completed through the joint 
efforts of a few of Mr Rolfe’s colleagues. The 
careful practical treatment of mould and 
coremaking remains in form similar to the 
original text and its modernization has been 
skilfully executed. A great deal of new 
matter has been introduced which brings 
home to the more mature reader the tech- 
nical progress which has taken place in the 
last 20 years. Cupola melting is dealt with 
admirably but the remainder of this section 
on other melting methods is rather sketchy. 
The section on the metallurgy of cast iron 
tends to be disjointed but is a good guide to 
further reading. Lanz Perlit Iron to 8.G. 
Iron is too much to cover in one chapter. 
The same criticism might be levelled at the 
short section on chilled roll production and 
malleable iron which are covered by the 
omnibus title ‘Special Methods of Produc- 
tion’. However, here again, the excellent 
up-to-date literature references are a saving 
grace.—R. V. Rizzy. 
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MALLEABLE Founpers Socrery. ‘Malleable 


Iron Castings’, 9} x 6} in, pp.vi+-526. Tlus- 
trated. 1960, Cleveland, Ohio: The Society. 
(Price $10.00). 

The United States Malleable Founders 
Society has, in this book, brought up to date 
the highly successful ‘American Malleable 
Iron Handbook’ first published in 1944. It 
was not considered sufficient merely to 
revise the earlier text; an entirely fresh 
approach was made which has provided a 
book which has a wider appeal not only to 
users but to producers. Engineers seeking 
design data, teachers, students, foundry 
metallurgists, and general readers will 
obtain sound information and instruction. 
The book contains over 70 pages of engineer- 
ing tables and data, a glossary of terms sec- 
tion of 20 pages, 300 literature references, and 
an excellent index. Yet the body of the book, 
some 358 pages in length, remains easily 
readable, being freely illustrated with photo- 
graphs and diagrams of modern plant. For a 
Souk produced by a Publications Committee 
of eight experts, it is remarkable for its 
coherency. In logical sequence, follow chap- 
ters on the history, use of castings, and 
products of the industry, the physical, 
mechanical, and engineering properties and 
the types of malleable iron Piss Then 
there are good sections on design, manufac- 
ture, machining, and a concluding chapter 
on the metallurgy of malleable iron. Amer- 
ican foundry practice and malleable iron 
specifications differ from British but this 
does not limit the usefulness of this book of 
reference on this side of the Atlantic. It is a 
thoroughly sound publication, produced 
with great care and is to be recommended to 
anyone who requires to know the potentiali- 
ties of this engineering material. Perhaps 
one might quibble with some mystifying 
abbreviations such as ‘7° Neg Rake’ appear- 
ing under the equally dubious heating 
‘Mach Data’ but one must offset these minor 
irritations against the wealth of solid infor- 
mation. The volume costs $10 and is not to 
be regarded as dear since it will almost 
certainly remain a standard work of refer- 
ence for at least another decade. 

—R. V. Rirey 


Pearson, C. E., and Parkins, R. N. ‘The 


Extrusion of Metals’. 2nd ed. 8} 54 in, 
p-ix + 336. 1960, London: Chapman & Hall 
td. (Price £2 5s.) 

With the assistance of Dr Parkins, Mr 
Pearson has brought his classic volume of 
1944 completely up to date. The amplifica- 
tion, by some 60% of the length of the first 
edition, enables it to cover techniques, some 
of which were only foreshadowed at that 
earlier time, such as the extrusion of steel 
and the more refractory non-ferrous alloys, 
and some of which were unthought of, such 
as the extrusion of aluminium, magnesium, 
and beryllium powders. In addition to the 
new technical matter there is a new chapter 
on ‘The Theoretical Analysis of Flow in 
Extrusion’, which presents the modern 
views elaborated by Hill, Johnson, and 
many others whose names are familiar to 
members of the Institute. In all, this book is 
a sound and valuable exposition of the prac- 
tical and theoretical sides of a most import- 
ant manufacturing technique. 

—J. P. Savini. 


Premenr, R. ‘Zdklady Slovansktho Zelezarského 


Hutnictvi v Ceskych Zemich’. 11} 84 in. 
Illustrated. 1958, Prague: oslovenské 
Akademiéved. (Price 49 Kes.) 

Professor Pleiner’s monumental work on 
the origins of the Slavonic iron industry in 
Bohemia is the definitive history that those 
already familiar with his work would expect. 
The only pity is that it is written in Czech, 
which means that its full value will be 
appreciated by only a very limited reader- 
ship in this country. Reading his excellent 
German summary, 23 pages in length, was a 
tantalizing experience, despite the fact that 
the figure captions are also given in German. 

The chapters deal with the rise of iron- 
making and the bloomery process, mining 
methods, and raw materials preparation, 
ironmaking in Bohemia and Moravia in the 
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ag sa F. ‘Practical Design ‘of Sheet Metal 
Stampings’. x6 in, pp.vili+ 175. Tilus- 
ogy 1960, et London: Chilton 

a Ne ag td. (Price £2 10s.) 

This book is intended | as a helpful refer- 
— , draughts- 
men, engi students interested in 
presswork. The om do» approach is non- 
of lectures to mechanical — soe some of 
the material havi y been published 
in trade journals ap, Bees contents, which are of 
an essentially elementary nature, are divided 
into three parts, Basic Processes and Outline 
for Design, Details of Stamping, and Design 
and Special Problems in Metal Stamping. 
More attention might usefully have been 
given to the problems which arise from the 
working of specific metals, but within its 
terms of reference the book is a useful and 

clearly written and illustrated primer. 
TmosHENKO, 8., and Worvowsky—KRIgcER, 
8. ‘Theory of Plates and Shells’. 2nd ed. 
9x6 in, pp.xiv+580. Illustrated. 1959, 
New York, hog pee McGraw-Hill Book Co. 

(Price £5 16s. 6d.) 

The first edition which was published in 
195@ has been extensively revised and 
extended. As previously, the work discusses 
the deformation of bodies in which one 
dimension (the thickness of a plate or shell) 
ie small as compared with the other dimen- 
sion. New material includes a chapter on 
bending of anisotropic plates, and articles on 





the deflection of plates owing to the trans- 
verse shear and on the theory of shallow 
spherical shells. There has also been a con- 
siderable borne 3 of the chapter on non- 
lincar wpe o 5? ng new data on various 

is a discussion of the 


extension of the of plates resting on 
elastic foundations. three chapters on 
shell theory have also been revised. 

NEW PUBLICATIONS 


These titles are also available on index cards in 
beng laefed nor the {vere each title 
: the Universal Decimal 


DAT, Moscow. 


lurgi . (Price 12 r.) 
AMERICAN Socrety ror Testrine MaTERIALs,. 
‘Symposium on S: *. STP No.269. 


9x6 in, fo age: Raye ustrated. 
ia, 1960: The Society. (Price, Non- 
Members $7.00; Members $5.60.) 
Bacuz, M. ‘Salter’. oy rad of a — 


firm his ag x 95. 

trated. A Sa My vag Whos coor 

fateh Gol Ltd. (Price ai" le. 
Barneringeg, C. G. ‘Practical W Repairs’. 


as Corrosion Indicators’. (WADC Tech. i 
59-759); PB Pods 103 x 8} in, pp.ix+ 
Illustrated. " of 
Seckaied thevion. i $2.00.) 

Bieos, W. ‘The Brittle Fracture of . 
ag in, oN ge nity Se Tilustrated. Lo: 


& Evans Ltd. 

(Prive 3 108.) 
Borax ConsoLipaTED ‘Vitreous 
Enamels’. 8} x 54 in, Bf in, ppx + 86, ‘THlustrated. 
London, 1960: Borax lidated Limited. 


TION CENTER (DMIC), and Barrg.e 
Memoriat InstiruTe. ‘Review of Problems 
in using Flat-rolled Materials in Air- and 
Hi iia pon Systems’. (DMIC Memo 52). 
B 61202.” 11x) in, pp.22. Illustrated. 
: Office of Technical Ser- 

be sce ag 50. ) 

Brirish Ceramic RESEARCH ASSOCIATION. 
‘The A.T. Green Book’. 93x 6 in, pp.309. 
Illustrated. Stoke-on-Trent, 1959: The 
Association. 

Brrirish Iron AnD StTEeeL FEDERATION. 
‘Uniform Cost System’. Revised Edition. 
9x6 in, pp-xiv+ 216 {+4 Appendices}. 
London, 1958: The Federation. (Price, 
Members £1 108.; Non-Members £2 12s. 6d.) 

Britrise Iron anp Street FEDERATION and 
British Stanparps Instirution. ‘British 


. r general 

”, (Container holding: ] ‘Sheet 1B.BS. 
1775. Steel Tubes for Mechanical, Structural 
and General Engineering Purposes. P D 3867’. 
Sheet IC.BS.3014. ‘Ae welded ; and Cold 
Drawn Welded Austenitic St Steel 
Tubes for Mechanical, Structural ae General 
Engineering Purposes. PD 3868’, 23 x 164 in 
(Folded 6x 8 in) Illustrated. London, 1960: 
The Federation. 

British Inon anp Street Feperation and 
Bririsn Stanparps InstiruTion. ‘British 
Standards for Steel. Summary Sheets (British 
Units). Section 3: Steel for Loren He agp 
a 8A. Flat Bottom Railway ile and 

teel Sleepers for Flat Bottom Ratlway Rails. 
oD 3876’. [supersedes PD 3363]. 23 x 164 
in (folded 6x8 in). Dlustrated. London, 
1960: The Federation. 

Britisn Iron anp Steet Researcn Associa- 
TION. ir ag re ha | the, Rolling of Strip. A 


Symposium o, a 1948-1958". 
1k x in, em 216. Illustrated. London, 
1960: Association. (Price £1 1s.) 
British Stanparps Iystrrution. ‘Code for 
Temperature Measurement. Part 3. Industrial 





Journal of The tron and Steel Institute February 1961 





Electrical Resistance Thermometers. BS'.1041: 
Part 3: 1960’. 8} x 5} in, pp.18. Illustrated. 
London, 1960: The Institution. (Price 5s.) 

British Stanparps Instirvurion. ‘Specifica- 
tion for Steel Columns for Street Lighting. 
BS.1840: 1960’. 8} x 5} in, pp.12. London, 
1960: The Institution. (Price 4s.) 

Brritisn Stanparps Instrrutron. ‘T'ransliter- 
ation of Cyrillic and Greek Characters’. 
BS.2979: 1958. 11x 8} in, pp.23. London, 
1958: The Institution. (Price 12s. 6d.) 

Bropy, D. ‘Steelworkers in America. The Non- 
union Era’. (Harvard Historial Monogra) 
XLV.) 7} 5} in, pp.ix+ 303. Cambridge, 

., London, 1960: Harvard University 
Press; Oxford University Press. (Price £2.) 
Bucuan, 8. Papen to Metal Bonding’. 2nd ed. 


84x 5} in, * 300. Illustrated. Lon- 
don, 1959 Orosby Lockwood & Son Ltd. 
(Price £2 Qe. ) 


Bueuter, W. J., Datrymrte, C. G., and US 
Navat Orpnance Laporatory. ‘Some 
— Temperature ies of —— 

Hardenable Iron—Aluminium A 
(vat VORD Rep. 6728); PB 161543. 109%. 4 
in, pp. Atel Tilustrated. Washi ~ 
1960: Office of Technical Services. ( 


$0.50.) 

Cuatmers, B., and ae 8 Sats A. G. ‘The 
Physical Examination x Metals’. 2nd ed. 
pik kok Bc 5 de et eke A lustrated. London, 

Arnold (Publishers) Ltd. 


Price £8 8e.) 

Cotpren, A. P., Wurrz, J. E., Bowen, R. K., 
Freeman, J. W., and Waicut Am Devet- 
OPMENT Drvisron. (‘Studies of Heat-Resist- 
ant Alloys’. (WADC Tech. Rep., 59-606). 
PB 161667. 10}x 8} in, pp.x+97. Illus- 
trated. W 1960: - 


nical Services. $2.50.) 

Counc, oF IRowrounpRY AssocIATIONS. 
‘T Health and Safety’. (Report of 
the erence, Blackpool, 6-8 April 1 a 
Cumecan 7. by H. A. Bonney, T. 

J.8. Perrett, G. McBain, W. bf 
Parkes, . EB. Ward, M. M. Hallett, R. N. 
Wilson, C. H. A. McCaully, and W. H. 
Harris.]} ob E. pp.83. Illustrated. 
London, 1 Council. 

Councrm or Screntiric anp INDUSTRIAL 
Reszarcy, Inpra (CSIR) and Natrona. 
Covunctt or Apriiep Economic noe ge tag | 
Invi. ‘Appraisal of Steel Demand’. 
in, pp.xi+138. New Delhi, 1960: odin, 
(Price 7 10.00 or 16s.) 

Dawrnt, W. ‘A Handbook of Hard Metals’. 
‘Abridged translation of ‘Handbuch der 

‘artmetalle’.| 94 x 6 in, pp.viii+ 161. Tllus- 
trated. London, 1955: HMSO (Price £1 5s.) 

Dean, F. E. ‘Steel’. (The Mechanical Age 
Library.) i beh in, pp.140. Illustrated. 
London, 1960: Frederick Muller Ltd. 
(Price 9s. 6d.) 

Dunnam, A. L. ‘The Industrial Revolution in 
France 1815-1848". 8 x 5} in, agg 
New York, 1955: Exposition . (Price 
$7.50.) 

ESAB Liwirep and Ksetiperc, B. et al. 
‘Automatic Welding’. (Lectures given during 
the ESAB Conference held in Gothenburg in 
em 1960.) a>. Kjellberg, G. Almqvist, 

éman, I achmeister, E. Jensen, M. 
fn er, G. B. seg 8.~E. Erikson, 
and E. J. — ] 1138 in, pp.188. 
Illustrated. cores 1960: ESAB Ltd. 
(Price £3 3s.) 

Evans, R. M., Derense Metats Inrorma- 
TIoN CenTER (DMIC), and Barre.ie 
Memoriat Institute. ‘Notes on the Diffu- 
sion Bonding of Metals’. (DMIC Memo 53); 
PB 161203. 11x 8} in, pp.9. Washington, 
1960: Offtee of Technical Services. (Price 
$0.50.) 

Fanry, N. B., Watertown ArsEenat LABoRA- 
Torizs, and US Army. ‘Ultrasonic Deter- 
mination of Elastic Constants at Room and 
Low Temperatures’. (Tech. Rep. WAL TR 
118, 1/1.); PB 161514. 10$x 8} in, pp.14. 
Illustrated. Washi m, 1960: Office of 
Technical Services. (Price $0.50.) 

Guiner, B. M. ‘Determination of the Mechanical 
and Technological Properties of Metals’. 
(Translated from the Russian 2nd ed., 1949.) 
pK in, pp.ix+ 160. Illustrated. Oxford, 
1 : Pergamon Press. (Price £2 108.) 











[Go 


v 
8. 
Ler 
v 
ve 
F 


% 
Moe ted opes 


4 
> 


Jo 


The 
tures 
helc 


fee, 
of tl 
in 1 


forn 











(Gost-Komirer STANDARTOV MER I IzMER- 
ITEL’NYKH PriBorov Pai Sovietre Mrnis- 
TROV, Moscow]. [Stanpartaiz, Moscow.], 
TxacHENKO, V. V., and Marverva, A. E. 


(Editors). ‘Ukazatel’ gosudar: kh stand- 
artov 1959 sostoyaniya na 1.1, 1959). 
Izdanie ofitsial’noe.’ (‘C: of State 
Standards 1959. (Corrected up to 1.1.1959.) 
Official Publication’). 8x in, pp.520. 


oscow, 1959: Standartgiz. (Price lle. Od.) 

Hassrms, A. F., Evans, R. M., Derence 
METALS INroRMATION Crwter (DMIC), and 
BaTTrEtLteE Memoriar Instirure. ‘Brazing 
‘or High temperature Service’. (DMIC 

emo 48); PB 161198. 11x 8} in, pp.1i4. 
Washington, 1960: — of Technical Ser- 
vices. (Price $0.50. 

Havsner, H. H. see: SR F. (Editors.) 
‘Nuclear Fuel Elements’. 9 x 6 in, pp.xi+ 409. 
rane ny Be b sana London, 1959: 

inho ing Chapman & Halli 
Ltd. (Price £4.) fui 

Jones, J. B., Maroris, N., Tuomas, J. G., and 
Bancrort, D. ‘Fundamentals o Ultrasonic 
Welding. Phase I’, PB 161677. 10} x 8 in, 
pp.x+99. Illustrated. Washington, 1960: 
Office of Technical Services. (Price $2.50.) 

Lams, V. A., Youne, J. P., US Department 
oF ComMERcE, and “Natiowat Bourwav oF 
Sranparps. ‘E. Plating of Gun 
Bores to Retard ’. (National Bureau 
of Standards Technical Note 46.) PB 
151405. 10}x8 in, pp.iv+99. Tlustrated. 

Washington, 1960: Office of Technical 
Services. 3 ge $2.50.) 

Leurer, W. M., Scuwarrzpart, H., and 

Wricat es DEVELOPMENT Cenrer. ‘De- 


Filer Ailye Thon , Volatile aresing 
arg wb ins ptig x cone A 

Tech, o eo a0ay PB 161746. 10} x 8} in 

ashington, 1960: 


p.vi+ 38. Tlustrated. 
Office a eeee Services. (Price $1.25.) 
Machining o 





Metals’. T (ivenslat yt Bishop from th 
ion by rom 

Russian ‘ Obrabotka Met- 
allov’, 1953.) 84x 5% in, pp.xi+115. Tlus- 
— on, 1960: Butterworths. (Price 
£1 108.) 

Matteaste Founpers Socrery. ‘Malleable 
Iron Castings’. 936} in, pp.vii+525. 
Tilustrated. Cleveland, Ohio, 1960: The 


Society. (Price $10.00.) 

Massacuvusetts Institute or TECHNOLOGY 
(MIT). ‘Abstracts of Theses accepted in 1958- 
1959. 9x6 in, 4 Cambridge, Mass., 
1960: MIT. (Price $3.50.) 

Maven, L. J., and Wricut Arr ~ teenager 
Center. ‘Electron Mirror Microscopy + 
Magnetic and Metallurgical Studies’. (WA DO 


Tech. Rep. 59-640); PB 161710. 10} x 8} in, 
pp-viii+ 72. Dlustrated. W: nm, 1960: 
Office of Technical Services. (Price $2.25.) 

Naxcvs, H. ‘Metallizing of Plastics’. Reinhold 
Plastics Application Series. 7} x 5 in, pp.x+ 
ee New Sanh London, 1960: 
Reinho: blishing Chapman & 
Hall Ltd. i 

Otorson, C. T., Bouter, F. W., Derensn 
Merats Inrormation Center (DMIC), and 
Batrette Memoriat Iwstirure. ‘Biblio- 
graphy on Explosive Metal Working’. PB 
161201. 11 x 8} in, pp.17. Washington, 1960: 
Office of Technical Meeviews. 

Peart, H. A., Kaprect, G. F., Kove, E. J., 
and WaicHt AIR DEVELOPMENT CENTER. 
‘Mechanical Properties of Selected Alloys at 


emperatures’. (WADC Tech. Rep. 
59-702, Part I); PB 161761. marten toon in, 
.vxii+ 250. Illustrated. Washi 


ice of Technical Services. (Price $4. $4.00.) 
and Parks, R. N. ‘The 


& Hall Ltd. (Price £2 5e.) 
Pentianp, W., Mzat, C. L., and WENnNBERG, 
J. L. ‘High Temperature Machining Methods. 
Phase I, of Elevated Temperature 
Methods’. “PB 161680. 10} x 8 in, 


Machini A 
pp.187. ustrated. ashington, 1960: 
Office of igs mee Services. (Price $3.00.) 

Purures, J. in Applied Thermo- 
dynamics’. echnical College series.) 
Ht ota in, pp. 233 Illustrated. ng oy 

English Universities Press Ltd 

(Price 178, 6d.) 

PUBLISHING AND DIsTRIBUTING Co. Lrp., ond 


kshop Engineering Practice’. 

Vol.I. Fitting. Vol.2. Lathe Work. 8} x 5} in, 
.150, 138. Illustrated, London, 1959: 

iffe & Sons Ltd. (Price 9s. 6d. each volume.) 

Rout, F. (Editor.) ‘Handbuch der Giesserei- 
=" Erstor Band/2. Teil I. ‘Werk- 

e. II. Stand und Probleme der Normung. 

x 8 in, pp-xi+ 363. Illustrated. Berlin, 

Gelcingens 1960: Springer-Verlag. (Price 
Dm.66.—.) 

Scanprnavian Councrt ror ApPriiep Re- 
szarcn (SCAR). ‘Scandinavian Research 
Guide’. (Directory of Research Institutions 
within a. and Science Exclusive of 
Life Sciences.) 2 vols. 8} x 5} in, pp.xix+ 
687; 486. Blindern (Oslo), 1960: The Council 
(Price £3 108. two vols.) 

Sonwanrzxorr, P., and Krerrmr, R. ‘Cemented 
Carbides’. (In collaboration with W. 
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Leszinski and F. Benesovsky.) 9} x 6} in, 
.vii+ 349. Illustrated. New York, 1960: 
Macmillan Company. (Price $15.00.) 

Surrn, C. 8, ‘A History of Metallography’. (The 
Development of Ideas on the Structure of 
Metals before 1890.) a 3 in, pp.xxi+ 291. 
Tilustrated. Chicago, University of 

Press. (Price $8. ot ) 

Somrenr, G. and Associazione ITALiawa DI 
Meratturetra (AIM), Centro Fonderia. 
‘12 lezioni di fonderia meccanizzata’. [Re- 

ted from Fonderia Italiana, 1958— 
1960}. — x 8} in, pp.112. Illustrated. Milan, 
1960: 


Srawiey, J. E., Beacnuem, C. D., and US 
Navan Researce Lasorarory. ‘Crack 
Propagation Tests of High-Strength Sheet 
Matervale—Part IV. The effect of Warm 
Telaee. 108 i. Rep. a PB 
161355. 1038} in, pp.ii+ 16. Ilustrated. 
Washington, "Om 


ce of Technical 
Services. (Price Hy 50. ) 

Van VaLKENBURGH, Noocrer & Nevittz Ino. 
‘Basic Synchros and Servomechanisems’. In 
= . 9 x 6} in. pp.119, 114. Tlustrat- 

ew York, mdon, 1960: The Brolet 
Press; The Technical Press Ltd. (Price 
£1 12s. two parts.) 


VEREIN j DEUTSCHER EIsENe 





(Ww. 
technische Lehrblatter.) Teil 1/2. 8} x5 
pp. .v+131. Illustrated. Diisseldorf, 1 

erlag Stahleisen m.b.H. (Price DM.9.80.) 

Vornecot, G. L., Manter, W., and Wricut 
Arr DEVELOPMENT CENTER. ‘E ‘ect of Boron 
Containing High Energy F Combustion 
Products on the Properties o, ae 
Stressed High Temperature “alleys (WA 
Tech. Rep. 59-317); PB ar 10} x Thee in, 
pp. ap 67. Illustrated. Washington, 1960: 
Office of Technical ameter (Price $1.75.) 

Watr, = O., Remornenxo, R. P., Porrer, 
J. V., and Wriout Am Drvetorment 

‘Endurance Teste of md Hight Contact 

Bearings of ee and High ‘empera- 
ture Steele under C Air- 
craft Gas Turbine A (WADC 
Tech. Rep. 58-392); PB 161672. ‘hx! 8 in, 
a Illustrated. Washington, 1960: 

ice of Technical Services. (Price $2.25.) 

Yerxovires, L. A., and Wricut Ar Drvet- 
OPMENT CENTER. ‘Investigations of the Com- 
pressive, Bearing and Sheer Creep-Rupture 
Properties of ——. ee Metals and 
Joints at Elevated Tem (WADC 
Tech. Rep. 59-572); PB 161717. 108 x 8} in, 
pp-xi+ 100, Illustrated. Washington, 1960: 
Office of Technical Services. (Price $2.50.) 





Joint symposium on Structural processes in creep 


The Iron and Steel Institute and The Institute of Metals are holding a joint symposium on ‘Struc- 
tural processes in creep’ on Wednesday and Thursday, 3 and 4 May 1961. The symposium will be 
held at the Hoare Memorial Hall, Church House, Great Smith Street, London SW1. There will be 


three sessions: 2.30-4.30 pm on 3 May, and 10.0 am-12.30 pm and 2.30-4.30 pm on 4 May. 


Participation in the symposium is open to Members of both institutes. There is no registration 
fee, but those wishing to obtain preprints of the papers may only do so by ordering a bound volume 
of the proceedings of the symposium which will be published by The Iron and Steel Institute later 


in 1961. 


Full details of the symposium will be announced shortly, and programmes and registration 
forms will be circulated to Members of both Institutes. 


Journal of The Iron and Steel Institute February 1961 











STAL in Engiisn 





Number 10 (October 1960) of the cover-to-cover translation of the Russian journal 
Stal’ has been published and no.11 (November 1960) will appear in February. Principal 
contents of these issues are given below. Full details of subscriptions to Stal in English 
are available from the Secretary of The Iron and Steel Institute. 


No.10 
IRONMAKING 


Effect of increased gas pressure on the chemical composition of 
pig iron 

Use of preheated and oxygen-enriched air for sintering iron 
ores 


STEELMAKING 

Basic principles in the top-blowing of iron with oxygen 

The use of nickel oxide for producing chromium-nickel steels 
in large open-hearth furnaces 

The use of furnaces with highly refractory basic roofs to 
improve the quality of chromium steel 


ELECTROMETALLURGY 

Ball-bearing steel treated with synthetic slag 

A stator with a bar winding for stirring the metal in arc 
furnaces 

FERROALLOYS 


Cheaper ferrosilicon production in electric furnaces 


ROLLING AND TUBE PRODUCTION 


Trends in the development of blooming mills 
A vacuum rolling mill 


An economic comparison of production methods for large 
diameter electrically welded tubes 


The mechanism of metal rupture during cross rolling 
Small gauge reelers 


METAL WORKING AND HEAT-TREATMENT 


The effect of alloying elements possessing a marked solubility 
in nickel-chromium solid solution on the properties of heat- 
resisting alloys 


ECONOMICS AND ORGANIZATION 


Calculating the effectiveness of capital investments in the 
mechanization and automation of production 


SMALL COMPONENT PRODUCTION 
A method of increasing the efficiency of patenting furnaces 
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No.11 
IRONMAKING 


Automation of cycle of returns at sinter plants 
Pressure of burden materials in blast-furnaces 


STEELMAKING 


A device for adjusting thermal conditions in the OH furnace 
Vacuum treatment of Bessemer steel 
Roof wear with complex automatic control of OH furnaces 


A radiometric investigation of burning-in and operational 
wear in OH furnace bottoms 


Use of ground lime and iron ores in steelmaking 


ELECTROMETALLURGY 
Reaction between heat-resisting alloys and refractory oxides 
at high temperatures in vacuo 

Intensification of steelmelting in arc furnaces 


ROLLING AND TUBE PRODUCTION 


Automatic adjustment of strip thickness in semi-continuous 
hot rolling mills 


Automation in automatic tube rolling 
A fixed mandrel for secondary piercing of tube billets 


Protection of main-drive motors of a 1150-mm blooming mill 
by control of rms current 


METAL WORKING AND HEAT-TREATMENT 


Treating molten steel by rare-earth metals 
Influence of As, P, and C on steel properties 
Cooling times for thick-walled cylindrical billets 


POWER AND PLANT 
Closed recirculating water-supply systems and purification of 


waste water in iron and steelworks 


GENERAL 


Mechanization and automation of transport and handling 
operations in an iron and steelworks 




















UNIVERSAL SLABBING MILL 
AT THE 


ABBEY WORKS OF S.C.O.W. 


In this fine mill by Davy and United Engineering Company Limited, 
England, Timken bearings are used on the roll-necks 

of the vertical and horizontal rolls, and in the gear drives for 

the vertical rolls. 


This mill replaced the original High-Lift Slabbing Mill which 
used Timken bearings on the roll necks with outstanding success. 


British Timken, Duston, Northampton, Division of The Timken 
Roller Bearing Company. Timken bearings manufactured in 
England, Australia, Brazil, Canada, France and U.S.A. 


TIMKEN 


REGISTERED TRADE-MARK 


tapered roller bearings 
































PICKLING PLANT 


A typical arrangement of Keebush Fume Extraction Chimneys for 
extracting fumes from a tube pickling plant. The plant includes an acid 
recovery section which is housed in the building shown in the 


foreground. Also shown is a bulk sulphuric acid store tank. 


For further details of complete pickling plant 


and processes please write to— 


Kestner Evaporator & Engineering Co. Ltd. 
5 Grosvenor Gardens, London, S.W.1. 
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STAL in English 








By arrangement with the Department of Scientific 
and Industrial Research, The Iron and Steel Institute 
is now publishing monthly a complete English- 
language version of ST AL (Stee/), the major Russian 
periodical in the field of iron and steelmaking tech- 
nology. The developments reported in Stal in English 
are of the greatest interest to everyone connected with 
iron and steelmaking. 
The rates of subscription are as follows: 


Annual subscription (12 issues) £20 0 0 
Special subscription to Members of 
The Iron and Steel Institute £1500 


Postage is extra, at a rate of ls per copy. Single 
copies may be obtained at £200 each (Members 
£1 10 0). 

Orders should be sent to 


The Secretary 
THE IRON AND STEEL INSTITUTE 
4 Grosvenor Gardens, London SW1 
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METAL CASED 
BASIC BRICKS 


now made by 


Under sub-licence from General Refractories Ltd., covered by British Patent No. 


METALCLAD “EE” BRICKS 


Divided internally by two 
plates placed lengthwise 
This system reduces 
flaking and spalling 

to a minimum 

and can be 

applied to all 

Metaliciad 

shapes and 

sizes. 

Covered by } 
British Patent No,’s 546,220, 
778,047 and 778,048 





TABHANGER SUSPENSION 


Bricks supplied with a special stainiess 
steel tab co-moulded with che brick 
embedded intro the surface of the top 
face. By the use of a special too! the 
tab may be bent out at right angles 
to the top face to 

form a hanger. 


Covered by 
British Patent 
No.’s 546,220 
and 749,491 





FERROCLIP SUSPENSION 


This method allows the brick to 
be suspended from the end. The 
Ferroclip hanger slot 
may be moulded into 
any roof or wall shape. 


Covered by 
British Patent 
No.’s 546,220 
and 600,630 


546,220 for the basic process of metal-cased brick manufacture and other British 


Patent No.’s 600,6 30—749,491—778,047 and 778,048. 


P. H. Metalclad bricks are cased in steel on four sides, 
graded refractory material and metal casing forming 
an integral unit. That’s because of the controlled 
hydraulic pressure method of manufacture, which 


allows no air infiltration whatsoever. P.H. Metalclad 





bricks are easy to install because they’re completely 
consistent in shape and size, and need no jointing 
cement. Spalling during temperature changes is 
eliminated, iron-oxide bursting is reduced to a min- 


imum—in other words, they last longer too ! 


Make your needs known to Pickford Holland now! 


P.H. METALCLAD 


PICKFORD, HOLLAND & CO. LTD 


Metal cased 
basic bricks 
SHEFFIELD 


TELEPHONE: 33921 


CA! E724 
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Dust collection and removal 


Buell have the widest experience in the removal 
and recovery of industrial dusts. Buell High 
Efficiency Cyclones deal effectively with dusts 
associated with crushing and screening, rotary 
kilns, dryers and metallurgical furnaces. Buell 
Compound Collectors are effective for the elimin- 
ation of fly ash from boilers etc. 


The plants illustrated collect and recover the dust 
from a large iron-ore sintering plant. 


Write for our publication “Dust Collection.” 





BUELL LIMITED 


(oe subsidiary of Edger Alten & Co. Limited) 


THREE ST. JAMES’S SQUARE * LONDON S.W.1 


Telegrams : Allentare Piccy, London. Telephone: Trafalgar 2528 (3 lines) 











THE 
DETERMINATION 
OF GASES 

IN METALS 


In May 1960, The Society for Analytical 
Chemistry, in conjunction with The Iron and 
Steel Institute and The Institute of Metals, 
held a highly successful joint symposium in 
London on the subject of The determination 
of gases in metals, which was attended by 
more than four hundred scientists from all 
parts of the world. The symposium was based 
on a carefully selected series of papers illus- 
trating the latest developments in the methods 
of gas determination in both ferrous and non- 
ferrous metals. The techniques covered in- 
cluded vacuum fusion, carrier-gas methods, 
activation analysis, emission spectrometry, 
isotope dilution, and internal-friction methods. 
There were also excellent review papers 
covering the three main gaseous impurities 
in metals, oxygen, hydrogen, and nitrogen, 
written by acknowledged experts in these 
fields. 

All these papers, together with the reports of 
the lively and informative discussions at the 
symposium, have now been published in 
book form by The Iron and Steel Institute. 
The volume of proceedings, which is amply 
illustrated with line diagrams and provided 
with an attractive dust-jacket, comprises 316 
pages and eight plates. Copies may be obtained 
from the address below, price 63s each 


(postage 1s). 


The Iron and Steel Institute 
4 Grosvenor Gardens 
London SW1 
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HOWDEN 


Specialists in the design 


and manufacture of 
equipment for 
MOVING OR COMPRESSING 
AIR AND GASES 


TRANSFERRING HEAT FROM 
ONE FLUID TO ANOTHER 


CLEANING AIR AND GASES 


JAMES HOWDEN AND COMPANY LTD 


195 SCOTLAND STREET, GLASGOW, C.5, and 
15 GROSVENOR PLACE, LONDON, S.W.1 


























8 JOHN STREET, LONDON, 


Ww.Cc.l 





This extremely interesting and informative magazine can be 
obtained free on application to the publishers. 











Macdonald & Evans publish a wide selection of books, all well illustrated, dealing with many aspects of metallurgy. Some of these books are 
listed below. Send now for a comprehensive Catalogue to Macdonald & Evans Ltd., 8 John Street, London, W.C.1. 


Nearly 7,000 defini- 
tions and 290 illustra- 
tions make this the 
most detailed and 

hensive metal- 
lu dictionary ever 
to be published. It has 
become a _ standard 
work of reference for 
metallurgists, research 
workers, students, lib- 
rarians and all others 
interested in the sub- 


ject. 
420 pp. 126/- 


Non-Destructive Test- 
ingJ. F. Hinsley, F.1.M. 
Considerations of safe- 
ty and economy make 

value of non- 
destructive testing 
apparent, and here is 


described the most - 


to-date tec 


The Practice of Anodic 
Oxidation of Aluminium 
W. G. Hiibner and A. 
Schiltknecht. 

The authors’ great know- 
ledge and experience of 
anodising and plant 
design make this a 





conducting these tests. 
with illustrations of 
faults liable to be 
found in practice. The 
book can be recom 
mended to all concern- 
ed with the inspection 
and testing of manu- 
factured products. 
530 pp. 75)- 


book for all 
concerned with the in- 
dustrial 
aluminium. The book 
describes fully the pro- 
cess of producing arti- 
ficial oxide films; it 
provides a reference to 
new experiments and 
developments in this 
field. 350 pp. 55/- 


anodising of 


A History of Metals Leslie 
Aitchison, M.Sc., D.Met., 
F.R.LC., M1AMech.E. 

This work consists of two 
superbly illustrated vol- 
umes; the first relates how 
gold and copper were orig- 
inally regarded and how the 
other five metals, and their 
alloys, known to ancient 
people were successively 
discovered and employed. 
In volume 2 the develop- 
ment of these metals is con- 
tinued to the present time. 
This comprehensive and 
exhaustive narrative covers 
of 8,000 years. 

8 gns 


a period 


600 pp. 2 vols. 





Using Steel Wisely 
Leslie Aitchison, M.Sc., 
D.Met., F.R.A.C., 
M.1.Mech.E. 

This book examines 
the several sources of 
heterogeneity and ani- 
sotropy in industrial 
steel and considers 
how these factors may 
be controlled. Faults 
and effects of various 
treatments are clearly 
shown by the clarity 
of reproduction of the 
many illustrations. All 
types of wrought steel 
are covered. 


250 pp. 44/- 


The Brittle Fracture of 
Steel W. D. Biggs; B. Sc. 
This book provides 
engineers and metal- 
lurgists with a compre- 
hensive review on the 
brittle behaviour of 
structural steel. Test 
methods used to evaluate 
the susceptibility of a 
steel to brittle failure are 
described and the in- 
fluence of welding upon 
the notch ductility of 
steel is discussed in some 
detail. The many line 
diagrams make it a very 
valuable reference book. 
450 pp. 70/- 









































COMPLETED LININGS TO 





64 BLAST FURNACES 
120 HOT BLAST STOVES 


Sz Sitet MELTING 
FURNACES 











STAFF: 250 MEN, includes— 
ee 100 FURNACE BRICKLAYERS 
lag! 
REFRACTORY CONTRACTORS M | D D LESBROU G +4 
137 SOUTHFIELD ROAD Telephone 2320 
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Centre of attraction 


To the expert’s discerning eye, a centre brick made by 
Wraggs of Sheffield represents all that’s finest in casting 
pit refractory manufacture. In addition to perfect external 
shape and accuracy of dimensions, the smooth internal 
finish ensures that no refractory inclusions are picked up 
by the metal during pouring. 

These attributes stem from years of specialisation in the 
casting pit refractory field, in which Wraggs were pioneers. 
And they all add up to the solid reliability demanded by 


to-day’s busiest steelmakers. 


Wraggs of Shefhield 


for reliable casting pit refractories 


THOS. WRAGG & SONS (SHEFFIELD) LTD., LOXLEY, NR. SHEFFIELD. TELEPHONE: 343034 


February, 1961 




















Our Pallet Service minimises the risk 
of damage in transit — saves time 
and trouble in handling. Particulars 


gladly sent on request. 
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LADLE LINING BRICKS 
SLEEVES 

STOPPERS 

NOZZLES 

TRUMPET BELLS 
TRUMPET GUIDES 
CENTRE BRICKS 
INGOT FEEDER TILES 
RUNNER BRICKS 
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The 





Colville 
Group 


ot Companies 





united to serve the world demand for Steel 


COLVILLES LTD. 





THE CLYDE ALLOY 
STEEL CO. LTD. 





THE ETNA IRON & 
STEEL CO. LFD. 





THE LANARKSHIRE 
STEEL CO. LTD. 





SMITH & McLEAN 
La 2. 


In Scotland, Colvilles are engaged on a vast development 
programme. By 1963 ingot capacity will be raised to 
3.3 million tons per annum, and the Group will produce 
in their modern mills the full range of steel products— 
heavy and light plates, sheets and strip. Heavy and light 
sections, bars and broad flange beams. 


fi | THE COLVILLE 


GROUP OF COMPANIES 


COLVILLES LTD 195 West George Street Glasgow C.2 
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WARDS AT WORK 


Photograph by courtesy of N.C.B. (West Midlands Division) 


He keeps industry on the rails! 


He’s a surveyor working on a Ward’s siding 
contract. He belongs to one of the many 
Ward’s teams of skilled engineers, foremen 
and workers who undertake the construction 
of industry’s own railways. With their sixty 
years’ experience in this field, Wards are 
in a unique position to advise on the 
practical and economical layout of tracks. 


Their installations range from the simplest 
run-in to intricate networks complete with 
all switches, crossings, buffer stops and 
turntables. 

Providing such vital lines of communication 
for industry is only one activity of the Ward 
Group of Companies whose products and 
services cover almost every branchofindustry. 


Serving Industry Around the World TH os. ad W. WARD LTD (3 


G.P.% 


Head Office: ALBION WORKS, SHEFFIELD. London Office: BRETTENHAM HOUSE, STRAND, W.C. 2. 


February, 1961 











eres IN THROUGH WAGONS 
every day 


” TRAIN 








HARWICH - ZEEBRUGGE 
DOVER - DUNKERQUE 


Packing and handling absolute minimum 


Full particulars from : Continental Traffic 

& Shipping Manager, Harwich House, 

129 Bishopsgate, London, E.C.2. for Harwich route 
and Continental Superintendent, 

Victoria Station, London, 8.W.1. for Dover route. 





BRIT ISH RAI 






LWAYS 
si WwPS.79 














RX ATMOSPHERE 
GENERATORS 





. produce uniform atmosphere for dry cyaniding gas 





ASSOCIATED WITH SURFACE COMBUSTION CORPORATION TOLEDO vba 


FERRY 
| 
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ODS to European Markets E| 
L 





carburizing, 
t homogeneous carburizing or carbon restoration heat 
i treatment... . 
i : and provide atmospheres for protecting surfaces during 
a bright annealing and clean hardening processes 
a ] 
zil 
SUPPLIED IN UNITS HAVING CAPACITIES FROM ad 
500 cu. ft. per hr. to 6,500 cu. ft. per hr. sh 
in 
fa 
BRITISH FURNACES LTD. ta 
sti 
CHESTERFIELD 


EASIER DRAWING AND PRESSING... 


RAGONITE is sheet steel which 

has been given a coating of pure 
zinc on both faces. It has a number of 
advantages over ordinary, uncoated 
sheet steel. During drawing and press- 
ing operations, for instance, the sur- 
face properties of Dragonite are main- 
tained. In fact, the fine-grained 
structure and natural ductility of 
pure zinc actually assist fabrication 


Photograph by courtesy of Lec Refrigeration Ltd 


Another reason why industry is changing over to 


DRAGONITE 


ELECTRO-ZINC COATED SHEET STEEL 


by acting as a dry, solid lubricant. 

This exceptional ductility of Drag- 
onite cuts manufacturing costs because 
it makes longer press runs possible and 
lengthens tool life. 

There are many more good reasons 
why you should be using Dragonite. 
For fuller details, please write for a 
copy of the Dragonite Technical Hand- 
book to: 


These are some of the 
industries in which 
Dragonite is being used 
extensively : Office 
Equipment; Elevators; 
Agricultural Equipment; 
Automobile Industry ; 
Domestic Appliances, 
Radio Equipment, etc. 


K THE STEEL COMPANY OF WALES LIMITED 


Sales Offices: United Kingdom- Abbey Works, Port Talbot, Glamorgan. Overseas-Margam House, 26 St. James’s Square, London, S.W.1 


February, 1961 
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TYPE 


MARINE PURPOSES (| si: | a 





WHIPP G BOURNE LTD. 


CASTLETON 


The successful range of ‘IF.’ Air Break 
Switchgear which has proved itself in many 
industrial installations has also an application 
equally suitable for marine purposes as is 
SWITCHGEAR instanced by many ships afloat having this 


type of L.T. A.C. Switchgear installed. 








MVA 
Capacity | Rupturing | Short time | Certificate 
f amperes capacity rating secs number 
600 15 3 4047 
900 26 3 4043 


900 31 Tripfree | 3825 
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LST. 
Special 
Report 

67 


65s. 


Production of wide steel strip 


As part of its Annual General Meeting in May 1960, The Iron and Steel Institute 
held a three-day symposium in London devoted to Production of wide steel strip, a 
subject of great topical interest. More than 250 people from Europe and America 
attended this symposium and took part in the excellent discussions. 


Sixteen papers by authors from Australia, Italy, the Netherlands, the United Kingdom, 
and the U.S.A. were presented at the five technical sessions, which were devoted to 
the future requirements of the user industries, steelmaking for wide strip production, 
hot rolling, cold rolling and heat-treatment, and coatings on strip respectively. All the 
papers have now been gathered together, with a full report of the discussions, in No. 67 
of the Institute’s Special Report series. There is a provocative foreword by the President 
of the Institute, Mr W. F. Cartwright. 


The report is a quarto volume, comprising 196 pages. It is printed on imitation art 
paper and is fully illustrated with 98 line diagrams and graphs and 57 photographs. 
Copies may be obtained, price 65s. each (plus 1s. postage) from the Secretary of the 
Institute at the address given below. 


The Iron and Steel Institute, 4 Grosvenor Gardens, London S.W.1 
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/ Ectuomelt ARC MELTING FURNACES 


bw Capantie prow 250 lbh to 200 tend 


Technical improvements evolved over many years with the installation 
of over 2,800 units are incorporated in the British built Arc Furnaces 
of either Demag or Lectromelt design now being offered by G.W.B. 
As a result of the present agreements between the three companies 
there is no restriction to one particular design. When you discuss Arc 
Melting Furnaces with G.W.B. the most suitable furnace for your 
production programme and shop layout will be suggested from the 
wide range of designs available. Let G.W.B. advise you on your 


steel melting problems. 


Lectromelt 36,000 kVA Steel Melting Arc Furnace with 24 0” diameter shell Demag Submerged Arc Ferro-Silicon Smelting Furnace 





G.W.B. FURNACES LIMITED 


P.O. BOX 4 - DIBDALE WORKS - DUDLEY - wWORCS 
FOR ALL THAT IS BEST IN Telephone: Dudley 55455 


ELECTRIC MELTING AND SMELTING FURNACES Associated with Gibbons Bros. Ltd. & Wild-Barfield Electric Furnaces Ltd. 


Gwe Los 


February, 1961 83 






































SPECIALLY DEVELOPED 

AND TESTED 
REFRACTORIES 
for the 

lron and Steel Industry 





Pearson refractories have a great name 
for quality and reliability throughout 
the industry. Standard brick sizes are 
immediately available in a wide range of 
materials — special types of shapes are 
made to order. Send for full technical 
information and prices. 





IP 


E. J. & J. PEARSON LTD. 


FIREBRICK WORKS, STOURBRIDGE WORCS. 
Telephone : Brierley Hill 7720! 
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UNIFORM IN SHAPE... 


CONSISTENT IN TEXTURE... 


PROVED ON PERFORMANCE... 














Reliable 
in every shape 


and form 


‘OCTO’ Brand is the stable firebrick needed in exacting situations. 
It combines very high refractoriness with superior resistance to 
corrosive slag attack and to thermal shock — characteristics which 
contribute to its outstanding success in reheating furnaces, open- 
hearth regenerator checkers and other high temperature zones. 


The Bonnybridge range also 
includes the NOVO brands, 
devised for the severest 
conditions, CALDER L for 

steel ladies, CALDER and 

BONNYBRIDGE BRAND 
for various furnace applica- 
tions and a number of 
cements and castables such 
as the BONCRETES 





BONNYBRIDGE SILICA & FIRECLAY CO. LTD. BONNYBRIDGE SCOTLAND 


Telephone: Bonnybridge 227 Telegrams: “Silica” Bonnybridge 





February, 1961 



























































Index to Advertisers 





Adamson-Alliance Co. Ltd. . ‘ - 65 Edwards High Vacuum Ltd. . . Se —— Steel ee Co. 3 ; 
Adamson, Joseph, and Co. Ltd. ‘ meee Sennen BAG. « : ee ae Boott de & Electromotors I ta. = 
Air Produets (Gt. Britain) Ltd. . — Electrofio Meters Co.Ltd... . . — hideds Kieiasih Whachatiioiie A se 
Ailes Wart & Go. Lad. : : Rho Teaaet Cacey Beokmanee™ eens Loewy Engineering Co. Ltd., The 15 
meget -Whitworth Ss Indus- “ English Electric Co. Ltd., The . en ve 8, John, Se sarah a Works i 
Arrol, Sir Wm., & Co. Ltd. : anaiee —ow ee Mills ape cones o 
Ashmore, Benson, sage ag ~Saoy Macdonald & Evans Ltd. . , . . 16 
Associated Electrical Industries Ltd. — Firth, Thomas, & John Brown Ltd. ot — i, & & Co. Casing) gs 
Foster, Henry & Oo. Ltd. . ; Be Ss Metallurgical Engineers Ltd. 
B:T-R.IndustriesLtd. . . . . 9 was Penne Co. Ltd. Midland Silicones Ltd. Se eset: 
Barrow Ironworks Ltd. . . . — asenuemy Csi ean Mitchell Engineering Ltd. . = ion 
Beardmore, William, & Co,Ltd. . — Mobil OilCo.Ltd. . . . . 35 
ne — * svptted ses ms G-W:B. Furnaces Ltd... . * . 83 Mond Nickel Co. Ltd., The 
Bradley & Foster Lid. ries — . — ; : ‘ : - 19 Moorwood, John M., Ltd. . 
‘ eneral Electric Co. Ltd., The . . 36 cease Sheieeahenles tak. cowie 
i us, a * & prenenne . General Refractories Ltd.. . . 32 ie : 2 2 
2 EERE ele Morgardshammars Mekaniska Verk- | 
British Acheson Graphite Ltd. . = : ; am Se * : : c 
British Electrical i a arma Asso- a sinaaedde, mie 2 Maney Lea... ; ‘ Z ‘ ? | 
ciation , ra ser or Lakes Carbon Seepyomaomean 2) 
British Furnacse, 14d. : * 7 Guest, Keen Iron & Steel Co. Ltd. . 62 National Coal Board, The 
British Iron & Steel Federation, The 53 Guest, Keen & Nettlefolds Ltd. cegsoae National Industrial Fuel Efficiency 
British Paints Ltd. - . _— eee ; , 
British Railways, Eastern ioiee 80 Newell, Ernest, & Co. Ltd. 


Haitields i ; ; . : _— 


Head Wrightson, [ron & Steel Works 
Engineering, Ltd. . 


Newton, Chambers & Co. Ltd. . 


British Rollmakers Corporation Ltd. 25 
British Timken: Division of the 


















Timken Roller Bearing Co. . ay f | sa) sis in : : a 
- ches sal a Head Wrighteon 2 Minerals Engineer Quehtibridge Silica Firebrick Co. Ltd. . 66 
Brookhirst Igranie Ltd... . _— ing, Ltd. . 38 
2 Brown Bayley Steels Ltd. . ; . «4 High Speed Steel Alloys Ltd. 2 
* Pantin, W. & C., Ltd. : ; r . 60 
rs Bueliltd, .. .  . eae Holmes, W. C. & Co., Ltd. ea 
d i ; ‘ Park Gate Iron & Steel Co. Ltd. 
2 Burn Fireclay Co. Ltd., The. ey Holset Engineering Co. Ltd., The . 24 SEK Were ag ‘ i ! . 
Fe rwell-C -arsons, C. A., Co. Ltd. 
i Bushing Co. Ltd., The : : 20 Honeywell-Controls Ltd. . ‘ ; arson 0 € 
: Howden, James, & Co. Ltd. er | Pearson, E. J. & J., Ltd. . : . 84 
Carblox Ltd. Hudewell Clarke & Co. Ltd. Pickford Holland & Co.Ltd. . . 73 
Huntington, Heberlein & Co. Ltd. . 8 ; : ss 
Chemical Construction (G.B.) Ltd. . — Plenty & Son Ltd. 
Colville Group of Companies, The . 78 Power-Gas Corporation Ltd., The 
Consett Iron Co. Ltd. & , 3 [iford Limited ; Z : : -s a Power Petroleum Co. Ltd., The 
Contactor Switchgear Led... 92 —eee C 1% oT. I nen _ Es Prees, William, & Son Ltd. 
Coppee Co. (Gt. Britain) Ltd., The . — International Construction Co. Ltd., Priest Furnaces Ltd. . ; , we: 
Cowans Sheldon & Co. Ltd. ‘ -_ = The : : ; ‘ “ 46 
Hays I ial Chemical Industries Ltd. . — 
Craven Bros. (Crane Division) Ltd.. — tir aistis ee RIN Process Agency . , ; jot 
Crooks, L. E. : ‘ ‘ : _=— : 
Johnson's Rolls Ltd. . ‘ ; : _=— Railko Ltd. . 
. Rawlplug Co, Ltd., The. : . 33 
' , Johnson Matthey & Co, Ltd. . . 49 
er 8 ee ae Reavell-Fehioltd. . . . . 84 
Davy & United Engineering Co. Ltd. 16,70 , : one ts Renold Chains LAd. 
— estner Ev. — or ngpnering 
Deloro Ghellite lad. . : if sities: K Ltd 72 Research & Control Instruments Ltd. 
Demag . : > ' naan Kinquclitte Snwsiating Products Ltd. Richardsons Westgarth & Co. Ltd.. 51 
Detgtive Gans Quersine £46. Rees Robertson, W. H. A. & Co., Ltd. . 61 
Ww t & P utd. ‘ _— . 
egos — [Lamberton & Co.Ltd. . : : : Rust-Oleum Corporation 
Dyson, J. & J. Ltd. A ‘ 2 Outside Back Cover 
Inside Front Cover Lanarkshire Steel Co. Ltd., The P - Continued on page 84 











Published at the offices of The Iron and Steel Institute, 4 Grosvenor Gardens, London, 8.W.1., and 
Printed in Great Britain by Percy Lund, Humphries & Co. Ltd., London and Bradford 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


designed, ianutaatiuie erected for 
The Steel Company of Wales 

















soaepavediommesnendedeementioes otk a a a . a oe 
OS NR RRR POLLS CR EN OREN ORR CRRA SO in 


LE BP trp eet mtrond sapehontinns 


comer — ane 


ASHMORE, BENSON, PEASE & COMPANY LIMITED 


- a. ¢ ON-C Te £2 AN D tL OND ON 


DAVY-ASHMORE GROUP 








LAMBERTON 
works plant 


in operation at Guest Keen 
Iron and Steel, Cardiff. 

This mill has solid one-piece 
housings giving stiffness and 
minimum stretch. This and 
other features help to hold 

the size of the finished 
product constant and accurate. 
The stand is removed complete 
and in the Roll Shop the 

rolls are changed through the 
window by a special rig 

(see inset) 


Lamberton & Co. Ltd - Coatbridge - Scotland 
LS io ee 
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